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of cellular recesses. Accordingly, in one aspect, this inyention provides isolated nucleic. acid "molecules encoding a polypeptide of the 
invention or biologically active portion thereof. The present invention also provides nucleic acid molecules which are suitables as primers 
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EGF-LIKE NUCLEIC ACIDS AND POLYPEPTIDES AND USES THEREOF 

Background of the Invention 
Epidermafgrowth factor (EGF) and transforming growth factor-a (TGF-cr) 
are ligands which interact with the same cell surface receptor, EGF-receptor, arid 
which act as mitogens for a variety of tissues. Groenen et al : (1994) Growth 
Factors 1 1 :235-257. Based oh sequence sinularity, mitdgehic activity; and the 
ability to interact With the EGF-rece^o^ several other EGF family members have 
been idehdfied includng amphiregiU EGF (HB-EGF), and 

betacellulin. Carpenter et al. ( 1990) Handbook Exptl. Pharmacol. 95(I):69-171; 
Massague etair(i993) ^>k '^£jtete«x!' VS2i5l5-54i et AL (1993) 
Science 259:1604-1607; 

Both EGF andTGF-dt have been i associated wiufa variety of processes 
ranging from wound healing to carcinogenesis. Burgess et al. ( i 989) Br. Med 
Bull. 45:40 M24i : Mass^ 

In particular, EGF and TGF-ct bom iiidbce proliferation of dermal 
fibroblasts/ Buckley-Sturrock et aL f 1989) .Z Cell. Physiol. 138:70-78; Laato et 
al. (1987) J. Biochem. 247:385-388; Paulsson et al. (1987) Nature 328:715-717 
In addition, EGF exerts "proliferative and chemotactic effects on granulation- 
tissue-derived fibroblasts and induces collagenase and hyaluronic acid synthesis. 
Laato (1988) A&a. Chir. Sdand Supp). 546&44. EGF has also been reported to 
stimulate keratiri'ocyte proliferation and migration in vitro, further implicating an 
important role for EGF in the reepimeiializatlon of wounds. Barrandon et al. 
(1987) G.'//50:l 131-1 137; Chernoff (1990) Tissue Cell. 22:123-135. 

A number of different cancer cell fines exhibit elevated levels of EGF 
receptors and TGF-or has been implicated as an autocrine growth factor for many 
carcinomas. Groenen et al. (1994) Growth Factors 1 1:235-257. Tumour-derived. 
TGF-a is angiogenic, and it has been predicted that an antagonist of TGF-ct may 
inhibit tumour angiogenesis and/or inhibit the growth of a carcinoma. Groenen et 
al. (1994) Growth Factors 1 1:235-257; Okamura et al. (1992) Biochem. Biophys. 
Res. Comm. 1 86: 1 47 1 - 1 479. 
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Summary of the Invention 
The present invention is based, at least in part, on the discovery of cDNA 
molecules which encode a novel family of proteins having significant identity to 
transforming growth factor alpha (TGF-a) and epidermal growth factor (EOF), 
referred to herein as the epidermal growth factor-like variant in skin proteins 
("ELVIS" family or "ELVIS" proteins). Described below are cDNA molecules 
encoding human ELVIS-1 (also referred to herein as "TANGO 225" or "T225") 
and splice variants thereof, referred to as ELVIS-2 and ELVIS-3 (also referred to 
herein as "T225vl" and "T225v2", respectively). These proteins, fragments, 
derivatives, and variants thereof are collectively referred.to as "polypeptides of 
the invention" or "proteins of the invention." Nucleic acid molecules encoding 
polypeptides of the invention are collectively referred to as "nucleic acids of the 
invention." 

The nucleic acids and polypeptides of the present invention are useful as 
modulating agents in regulating a variety of cellular processes. Accordingly, in 
one aspect, this invention provides isolated nucleic acid molecules encoding a 
polypeptide of the invention or a biologically active portion thereof. The present 
invention also provides nucleic acid molecules which are suitable as primers or 
hybridization probes for the detection of nucleic acids encoding a polypeptide of 
the invention. 

The invention features nucleic acid molecules which are at least 45% (or 
55%, 65%, 75%, 85%, 95%, or 98%) identical to the nucleotide sequence of SEQ 
ID NO:i, 3, 4, 6, 7, 9, or the nucleotide sequence of the cDNA insert of a clone 
deposited with the ATCC as any of Accession Numbers 98981, 98982, and 
98983 (the "cDNA of any of ATCC 98981, 98982, and 98983 "), or complement 
thereof. 

The invention features nucleic acid molecules which include a fragment of at 
least 300 (325, 350, 375, 400, 425, 450, 500, 550, 600, 650, 700, 800, 900, 1000, 
or 1200) nucleotides of the nucleotide sequence of SEQ ID NO:l, 3, 4, 6, 7, 9 or 
the nucleotide sequence of the cDNA of any of ATCC Accession Numbers 
98981 , 98982, and 98983, or complement thereof. 

The invention also features nucleic acid molecules which include a 
nucleotide sequence encoding a protein having an amino acid sequence that is at 
least 45% (or 55%, 65%, 75%, 85%, 95%, or 98%) identical to the amino acid 
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sequence of SEQ ID NO:2, 5, 8, or the amino acid 'sequence encoded by the 
cDNA of any of ATCC Accession Numbers 98981, 98982, and 98983, or a 
complement' thereof. ■ - . ^ 

In preferred embodiments, the nucleic acid molecules have the nucleotide " ' 
sequence of SEQ ID NO: 1, 3, 4, 6, 7, 9, or the nucleotide sequence ofthecDNA 
ofany of ATCC Accession Numbers 98981, 98982, and 98983. ' 

Also within the invention are nucleic acid molecule^ which encode a 
fragment of a polypeptide having tile ammo acid sequence of SEQ ID NO:2, 5, or 
8,or a fragment mcluding at least 15 (25, 30, 50, 100, 150, 300> or400) 
contig^ous amiho acids of SEQ ID N6:2, 5; 8i or the amino acid encoded by me 
cDNA of any of ATCC Accession Numbers 98981, 98982, and 98983/ 

The invention includes nucleic acid molect^ 
occurring allelic variant of a polypeptide comprising me amino acid sequence "of * 
SEQ ID NO:2, 5,' 8, or the amino acid sequence encoded by the cDNX of any of 
ATCC Accession Numbers- 989 and 98983; wberem me huclei6acid 

molecule hybndizes to a nucleic acid molecule comprising the nucieic acid ' 
sequence encoding the arnino acid sequence of SEQ ID NO:2/5, 8; or me amino 
acid sequence encoded by the cDNA of any of ATCC Accession Numbers 98981, 
98982, and 98983, of complement tiiereof under stringent conditions. 

Also within the invention are isolated polypeptides or proteins having ah 
amino acid sequence that is at least about 60%, preferably 65%, 75%, 85%', 95%, 
or 98% identical to the amino acid sequence of SEQ ID NO:2, 5, 8, of the arnino 
acid encoded by the cDNA of any of ATCC Accession Numbers 98981, 98982, 
and 98983. 

Also within the invention are isolated polypeptides of proteins which are 
encoded by a nucleic acid molecule having a nucleotide sequence that is at least 
about 60%, preferably 65%, 75%, 85%, or 95% identical the nucleic acid 
sequence encoding SEQ ID NO:2, 5, or 8 and isolated polypeptides or proteins 
which are encoded by a nucleic acid molecule having a nucleotide'sequence 
which hybridizes under stringent hybridization conditions to a nucleic acid 
molecule having the nucleotide sequence of SEQ IDNO:l, 3, 4, 6, 7, 9, or 
complement thereof or the non-coding strand of the cDNA of any of ATCC 
Accession Numbers 98981, 98982, and 98983. 

Also within the invention are polypeptides which are naturally occurring 
allelic variants of a polypeptide that includes the arnino acid sequence of SEQ ID 
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NO:2, 5, 8, or the amino acid sequence encoded by the cDNA of any ofATCC 
Ac(^ionNumbers98981 > 98982,and98983,whereinthepolypeptideis . 

encoded by a nucleic acid molecule which hybridizes to a nucleic acid molecule, 
comprising SEQ ID NO:l, 3, 4, 6, 7, 9, or complement thereof under stnngent 

conditions. ..... j 

The invention also features nucleic acid molecules that hybridize under 
stringent conditions to a nucleic acid molecule comprising the nucleotide 
sequence of SEQ ID NO: 1,3, 4, 6, 7, 9, the cDNA of any ofATCC Accession 
Numbers 98981, 98982, and 98983, or complement thereof. In other 
embodiments, the nucleic acid molecules are at least 300 (325, 350, 375, 400, 
425 450, 500, 550, 600, 650, 700, 800, 900, 1000, or 1290) nucleotides in length 
and hybridize under stringent conditions to a nucleic acid molecule compnsmg 
the nucleotide sequence of SEQ IDNOtl, 3, 4, 6, 7, 9, the cDNA of any of 
ATCC Accession Numbers 98981, 98982, and 98983, or complement thereof. 

In one embodiment, the isolated nucleic acid molecules encode an 
extracellular domain (SEQ ID NO:l2), a transmembrane domain (SEQ ID ^ 
NO-11) andyoracytoplasnncdomain(SEQIDNO:l0)ofapolypeptideofthe 
invention. In another embodiment, the invention provides an isolated nucleic 
acid molecule which is antisense to the coding strand of a nucleic acid of the 
invention. 

Another aspect of the invention provides vectors, e.g., recombinant 
expression vectors, comprising a nucleic acid molecule of the invention. In 
another embodiment the invention provides host cells containing such a vector or 
a nucleic acid molecule of the invention. The invention also provides methods 
for producing a polypeptide of the invention by culturing, in a suitable medium, a 
host cell of the invention containing a recombinant expression vector such that a 

polypeptide is produced. 

Another aspect of this invention features isolated or recombinant proteins 
and polypeptides of the invention. Preferred proteins and polypeptides possess at 
least one biological activity possessed by the corresponding naturally-occurnng 
human polypeptide. An activity, a biological activity, and a functional activity of 
a polypeptide or nucleic acid of the invention refers to an activity exerted by a 
protein, polypeptide or nucleic acid molecule of the invention on a responsive 
cell as determined in vivo, or in vitro, according to standard techniques. Such 
activities can be a direct activity, such as an association with or an enzymatic 
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activity oh a second protein or ah indirect artvity, such as a celliJar sigii^Iing 
activity mediated by interaction of the protein with a second protein. Thus, such 
activities%clude, e.g.,(l) the ability to form protein-protein interactions with 
proteins in the signaling pathway of the naturally-occurring polypeptide; (2) the 
ability to bind a ligand of the naturally-occurring polypeptide; (3) the interaction 
of an ELVIS proteiri with a receptor. Other activities include: (1) the ability to 
modulate Cellular proliferation; (2) the ability to modulate cellular migration and 
chenoiotaxis; (3) the ability to modulate cellular differentiation; (4) the ability to 
modulate angibgenesis; (5) the ability to modulate epithelial cell proliferation 
ahd/6r differentiation; and (6) the ability to modulate keritinocyte proliferation 
and/or differentiation. 

In one embodiment, a polypeptide of the invention has an amino acid 
sequence sufficiently identical td an identified domain of a polypeptide of die 
invention. As used herein, the term "sufficiently identical" refers to a first amino 
acid or nucleotide sequence which contains a sufficient or minimum mimberof 
identical or equivalent (e.g., with a similar side chain) amino acid residues or 
nucleotides to a second amino acid or nucleotide sequence such that the fust and 
second amino acid or nucleotide sequences have a common structural domain 
and/or common functional activity! For example, amino acid or nucleotide 
sequences which contain a common structural domain having about 60% identity, 
preferably 65% identity, more preferably 75%, 85%, 95%, 98% or more identity •* 
are clefined herein as sufficiently identical. In one embodiment, an ELVIS 
protein includes an EGF domain. In another embodiment, an ELVIS protein 
includes a signal sequence. In yet another embodiment, an ELVIS protein 
includes an EGF domain, a signal sequence and is secreted. In another 
embodiment, ah ELVIS protein includes a transmembrane domain In yet 
another embodiment, an ELVIS protein includes an EGF domain, a 
transmembrane domain, a signal sequence, and is a membrane bound protein. 

In one embodiment, the isolated polypeptides lack both a transmembrane and 
a cytoplasmic domain. In another embodiment, the polypeptide lacks both a 
transmembrane domain and a cytoplasmic domain and is soluble under 
physiological conditions. 

In another embodiment, a nucleic acid molecule of the present invention 
encodes an ELVIS protein which includes a epidermal growth factor (EGF) 
domain. In another embodiment, a nucleic acid molecule of the present invention 
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encodes an ELVIS protein which includes a signal sequence. In another 
embodiment, anucleic acid molecule of the present invention encodes an ELVIS 
protein which includes an EGF domain and a signal sequence. In yet another 
embodiment, a nucleic acid molecule of the present invention encodes an ELVIS 
5 protein which includes a transmembrane domain. 

The polypeptides of the present invention, or biologically active portions 
thereof, can be operably linked to a heterologous amino acid sequence to form 
fusion proteins. The invention further features antibodies that specifically bind a 
polypeptide of the invention such as monoclonal or polyclonal antibodies. In 
10 addition, the polypeptides of the invention or biologically active portions thereof 
can be incorporated into pharmaceutical compositions, which optionally include 
pharmaceutically acceptable carriers. 

In another aspect, the present invention provides methods for detecting the 
presence of the activity or expression of a polypeptide of the invention in a 
15 biological sample by contacting the biological sample with an agent capable of 
detecting an indicator of activity such that the presence of activity is detected in 

the biological sample. 

In another aspect, the invention provides methods for modulating activity of 
a polypeptide of the invention comprising contacting a cell with an agent that 
20 modulates (inhibits or stimulates) the activity or expression of a polypeptide of 
the invention such that activity or expression in the cell is modulated. In one 
embodiment, the agent is an antibody that specifically binds to a polypeptide of 



25 



the invention. 

In another embodiment, the agent modulates expression of a polypeptide of 
the invention by modulating franscription, splicing, or translation of an mRNA 
encoding a polypeptide of the invention. In yet another embodiment, the agent is 
a nucleic acid molecule having a nucleotide sequence that is antisense to the 
coding strand of an mRNA encoding a polypeptide of the invention. 

The present invention also provides methods to treat a subject having a 
30 disorder characterized by aberrant activity of a polypeptide of the invention or 
aberrant expression of a nucleic acid of the invention by administering an agent 
which is a modulator of the activity of a polypeptide of the invention or a 
modulator of the expression of a nucleic acid of the invention to the subject. In 
one embodiment, the modulator is a protein of the invention. In another 
35 embodiment, the modulator is a nucleic acid of the invention. In other 
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embodiments, the modulator is a peptide, pfeptidbmimetic, or other small 
molecule: - - : ' - v < - 

Thg present invention also provides diagnostic assays for identifying the 
presence or absence 6f a genetic lesion or mutation char^terized by at least one 
of: (i) aberrant modification or mutation of a gene encoding a polypeptide of the 
invention,(ii)-mis-regulation of a geneencoding a polypeptide of the inventibri, 
and (iii) aberrant pbst-transltonad modi 

type form of the gene encodes a protein having the activity of the polypeptide of 
the invention; - ' ' . ' 

; ? In another aspeci the ! invention provides a method for identifying a 
compound that binds to or modulates the activity of a jwl^eptide of the 
invention. In general, such methods entail ' measuring a biological activity of the 
poljpeptide-iri the presence and absence of a test compound and identifying thbse 
compounds which alter the activify of the polypeptide/ ■ 

The invention also features methods for identifying a compound which 
moduktesthe expression df a polypeptide or nucleic acid of the invention by 
measuring the expfessibri of the pblypeptide or nucleic acid in the prfesenceand 
absent of the compound! v - r " ^ 

X Other features and advantages of the invention will be apparent from the 
following detailed description 1 

Brief Description of the Drawings 
Figure /'depicts the cDNA sequence of human ELVIS- 1 (SEQ ID NO:l) 
and the predicted aihino acid sequence of ELVIS- 1 (SEQ ID NO:2); The open 
reading frame of SEQ ID NO: 1 extends from nucleotide^ 1 to nucleotide 492 of 
SEQIDNO:l(SEQ ID NO:3). ' 

Figure 2 depicts a hydropathy plot of a human EL VIS-1. Relatively 
hydrophobic residues are above the dashed horizontal line, and relatively ' 
hydrophilic residues are below the dashed horizontal line. The cysteine residues 
(cys) and potential N-glycosylation sites (Ngly) are indicated by short vertical 
lines just below the hydropathy trace. Below the hydropathy plot, the amino acid 
sequence of ELVIS- 1 is depicted. The amino acid sequence of the signal 
sequence of ELVIS- 1 is indicted by underlining and the letter "S" and amino acid 
sequence of the transmembrane domain of ELVIS- 1 is indicated by underlining 
and a "TM". 
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Figure 3 depicts the cDNA sequence of ELVIS-2 (SEQ ID NO:4), a variant 
of ELVIS-1, and the predicted amino acid sequence of ELVIS-2 (SEQ ID NO:5), 
a variant of ELVIS- 1. The open reading frame of SEQ ID NO:4 extends from 
nucleotide 1 5 to nucleotide 323 of SEQ ID NO:4 (SEQ ID NO:6). 
5 Figure 4 depicts a hydropathy plot of human ELVIS-2. Relatively , 

hydrophobic residues are above the dashed horizontal line, and relatively 
hydrophilic residues are below the dashed horizontal line. The cysteine residues, 
(cys) and potential N-glycosylation sites (Ngly) are indicated by short vertical 
lines just below the hydropathy trace. Below the hydropathy plot, the amino acid 
10 sequence of ELVIS-2 is depicted and the signal sequence of ELVIS-2 is indicted 
by underlining and the letter "S". 

Figure 5 depicts the cDNA sequence of ELVIS-3 (SEQ ID NO:7), another 
variant of ELVIS-1, and the predicted amino acid sequence of ELVIS-3 (SEQ ID 
NO:8). The open reading frame of SEQ ID NO:7 extends from nucleotide 12 to 
15 nucleotide 294 of SEQ ID NO:7 (SEQ ID NO:9). 

Figure 6 depicts a hydropathy plot of human ELVIS-3, another variant of 
ELVIS-1. Relatively hyorophobic residues are above me dashed horizontal lme, 
and relatively hydroplulic residues are te^ ^ 
cysteine residues (cys) and potential N-glycosylation sites (Ngly) are indicated by 
20 shortverticallinesjustbelowthehydropathytrace. Below the hydropathy plot, 
the amino acid sequence of ELVIS-3 is depicted and the signal sequence of 
ELVIS-3 is indicted by underlining and the letter "S". 

Figure 7 depicts an alignment of the amino acid sequences of human ELVIS- 
1 (SEQ ID NO:2), human ELVIS-2 (SEQ ID NO:5), human ELVIS-3 (SEQ ID 
25 NO-8) and the amino acid sequence of human TGF-a (SEQ ID NO :13). The . 
amino acid sequences of human ELVIS-1 and human TGF-a have 24.4% 
sequence identity. The multiple alignment was performed using the ClustalW 
alignment program with a PAM250 scoring matrix, a Gap Penalty of 10 and a 
Gap Extension Penalty of 0.05. 
30 Figure 8 depicts an alignment of the nucleotide sequences encoding human 

ELVIS-1 (SEQ ID NO:l), encoding ELVIS-2 (SEQ ID NO:4) and encoding 

ELVIS-3 (SEQ ID NO:7). 

Figure 9 depicts a more complete sequence (SEQ ID NO:21) of the ELVIS-3 

cDNA depicted in Figure 5. 
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Detailed Description of the Invention 
The present invention is based, at least in part/bn the discovery of cDNA 
molecules winch encode a novel family of proteins having significant identify to 
trahsfonnihg growth factor-a and epidermal growth factor, referred to herein as 
epidermal ^^factoMflce 

"ELVIS" proteins)- Descnbed Herein are ELVIS- 1 (SEQ ID NO:l), ELVIS-2 
(SEQ H) NO:4) aid ELVIS-3 (SEQ ID NO:7)'nucleic acid molecules and the 
corresponding polypibptides which the nucleic acid molecules encode (SEQ ID 
NO:2, SE(PD 1^0:5, and SEQ ID NO:8, respectively). 

' The ELVIS proteins and nucleic acid molecules comprise a family of 
mdlecules having certain conserved structural and functional features. As used 
herein, the term "family" is intended to mean two or more proteins or nucleic acid 
mblebules havmg a common structural dbmain and having sufficient amino acid : 
of nucleotide sequence identity as defined herein. Family members can be £om 
either the same or different species. For example, a family can comprises tWo or 
more proteins of htoan origin, or can comprise? one or more proteins of human 
origin and one or more of ribn-hiiman origin; Members of the same family nidy 
also have common sthictural : domains; 

ForexampIe,the EGF/TGF-a family to which the ELVIS proteins of the 
invention bear significant sequence identity, are a family of mitogens which 
contain a conserved pattern of cysteine 'residues. Conserved cysteine residues, as 
used herein* refer to cysteine residues which are maintained within ELVIS family 
members (and/or EGF/TGF-a family members). This cysteine pattern is referred 
to herein as ah epidermal growth factor (EGF) domain. These cysteine residues 
form disulfide bonds which can affect the structural integrity of the protein. 
Thus, included within the scope of the invention are ELVIS proteins having an 
EGF domain; As used herein, an EGF-domain refers to an amino acid sequence 
of about 25 to 50, preferably about 30 to 45, 30 to 40, and more preferably about 
35, 36 to 40 amino acids in length. 1 An EGF domain further contains at least 
about 2 to 10, preferably, 3 to 9, 4 to 8, or 6 to 7 conserved cysteine residues. 
The EGF domain of ELVIS- 1 extends from about amino acid 60 to amino acid 95 
of SEQ ID NO:2 (SEQ ED NO: 15); the EGF domain of ELVIS-2 extends from 
about amino acid 51 to amino acid 87 of SEQ ID NO:5 (SEQ ID NO: 16); the 
EGF domain of ELVIS-3 extends from about amino acid 51 to amino acid 86 of 
SEQ ID NO:8 (SEQ ID NO:17). By alignment of the amino acid sequence of 
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TGF-a with the amino acid sequences of ELVIS-l, ELVIS-2 and ELVIS-3, 
conserved cysteine residues can be found. For example, there is a conserved 
cysteine residue at amino acid 47 of human TGF-a (SEQ ID NO:13) that 
corresponds to cysteine residue at amino acid 60 of ELVIS-1 (SEQ ID NO:2), at 
amino acid 51 of ELVIS-2 (SEQ ID NO:5), and at amino acid 51 of ELVIS-3 
(SEQ ID NO:8); there is a conserved cysteine residue at amino acid 55 of human 
TGF-a (SEQ ID NO:13) that corresponds to a cysteine residue at amino acid 68 
of ELVIS-1 (SEQ ID NO:2)„at amino acid 59 of ELVIS-2 (SEQ ID NO:5),and 
at amino acid 59 of ELVIS-3 (SEQ ID NO:8); there is a conserved cysteine 
residue at amino acid 60 of human TGF-a (SEQ ID NO:13) that corresponds to a 
cysteine residue at amino acid 73 of ELVIS-1 (SEQ ID NO:2), at amino acid 64 
of ELVIS-2 (SEQ ID NO:5), and amino acid 64 of ELVIS-3 (SEQ JD NO:8); 
there is a conserved cysteine residue at amino acid 71 of human TGF-a (SEQ ID 
NO-13) that corresponds to a cysteine residue at amino acid 84 of ELVIS-1 (SEQ 
H) NO:2), at amino acid 75 of ELVIS-2 (SEQ ID NO:5), and at amino acid 75 of 
ELVIS-3 (SEQ ID NO:8); there is a conserved cysteine residue at amino acid 73 
of human TGF-a (SEQ ID NO:13) that corresponds to a cysteine residue at 
amino acid 86 of ELVIS-1 (SEQ ID NO:2), at amino acid 77 of ELVIS-2 (SEQ 
ID NO-5), and at amino acid 77 of ELVIS-3 (SEQ ID NO:8); and/or there is a 
conserved cysteine residue at amino acid 82 of human TGF-a (SEQ ID NO:13) 
that corresponds to a cysteine residue at amino acid 95 of ELVIS4 (SEQ ID 
NO:2), at amino acid 87 of ELVIS-2 (SEQ ID NO:5), and at amino acid 86 of 
ELVIS-3 (SEQ ID NO:8). 

Also included within the scope of the present invention are ELVIS proteins 
having a signal sequence. As used herein, a "signal sequence" includes a peptide 
of at least about 20 amino acid residues in length which occurs at theN-termmus 
of secretory and membrane-bound proteins and which contains at least about 70% 
hydrophobic amino acid residues such as alanine, leucine, isoleucine, 
phenylalanine, proline, tyrosine, tryptophan, or valine. In a preferred 
embodiment, a signal sequence contains at least about 15 to 25 amino acid 
residues, preferably about 18-22 amino acid residues, and has at least about 60- 
80%, more preferably 65-75%, and more preferably at least about 70% 
hydrophobic residues. A signal sequence serves to direct a protein containing 
such a sequence to a lipid bilayer. Thus, in one embodiment, an ELVIS protein 
contains a signal sequence of about amino acids 1 to 20 of SEQ ID NO:2, SEQ 
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ID NO:5, or SEQ ID NO:8. the signal sequence is cleaved during processing of 
the mature ph)fein; 

The present invention also includes ELVIS proteins having a transmembrane 
domain. As used herein, a "transmembrane domain" refers to an amino acid 
sequence having at least about 20 to 25 amino acid residues ih length arid which 
contains at least about 65-70% hydrophobic amino acid residues such as alanine, 
leucine, isoleucine; phenylalanine, proline, tyrosine, ^toiihak or valine. In a 
preferred embodiment, a transmembrane domain contains kt least about 1 5 to 30 
amino acid residues, preferably about 20-25 amiiib acid residues, and has at least 
about 60-80%, more preferably 65-75%, and inore pVefei^bly at least about 16% 
hydrophobic residues. Ah example of a transmembrane domain includes from 
about ammo acids 11 1 to 133 of SEQ ID NO:2. 

* In brie embodiment; ah ELVIS pirotein of the invention includes an EGF 
domain* a signal' sequence and is secreted: In another embodiment, an ELVIS 
protein of the inveritibri includes an EOF domain, a 6^rismeiribrane domain arid is 
a membrane bound protein. In yet another embodiment, an ELVIS protein of the 
invention includes an EGF-domain, a signal sequence arid iat transmembrane 
domain. ' • ■ 1 ""• ::v '' ; :i ,vi 

Various features of human ELVIS- 1, ELVIS-2 and ELVIS-3 are summarized 
below. : : 

Human ELVIS-1 

A cDNA encoding Human ELVIS-I was identified by screening a human 
keratinocyte library: Briefly, a cDNA library was prepared using cDNA prepared 
from RNA extracted from a human keratinocyte library and directionally cloned. 
ESTs were theri generated from tte 5 ,r end. Clones were selected based on 
homology to TGF-a determined by BlastX screening. 

One such clone, comprising human ELVIS- 1 , was identified. ELVIS-1 
includes a 1858 nucleotide cDNA (Figure 1; SEQ ID NOrl). The open reading 
frame of this cDNA, nucleotides 31 to 492 (SEQ ID NO:3), encodes a 154 amino 
acid putative membrane protein (Figure 1 ; SEQ ID NO:2). 

The signal peptide prediction program SIGNALP (Nielsen et al. (1997) 
Protein Engineering 10:1-6) predicted that human ELVIS-1 includes a 20 amino 
acid signal peptide (amino acid 1 to about amino acid 20 of SEQ ID NO:2) 
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preceding the mature ELVIS-1 protein (corresponding to about amino acid 21 to 
amino acid 154 of SEQ ID NO:2; SEQ ID NO:18). Human ELVIS-1 includes an 
extracellular domain (amino acids 21-1 10 of SEQ ID NO:2; SEQ ID NO:12), a 
transmembrane (TM) domain (amino acids 1 1 1 to 133 of SEQ ID NO:2; SEQ ID 
5 NO:l 1); and a cytoplasmic domain (amino acids 134 to 154 of SEQ ID NO:2; 
SEQIDNO:10). 

The extracellular region of human ELVIS-1 includes an EGF-domain (about 
amino acids 60-95 of SEQ ID NO:2; SEQ ID NO:15). 

A clone, Epjthkt074e01, which encodes human ELVIS-1 was deposited with 
10 the American Type Culture Collection (ATCC, 10801 University Boulevard, 
Manassas, VA 20110-2209) on November 11, 1998 and assigned Accession 
Number 98981. This deposit will be maintained under the terms of the Budapest 
Treaty on the International Recognition of the Deposit of Microorganisms for the 
Purposes of Patent Procedure. This deposit was made merely as a convenience 
1 5 for those of skill in the art and is not an admission that a deposit is required under 

35U.S.C.§112. ... , 
Figure 2 depicts a hydropathy plot of human ELVIS-1. Relatively 
hydrophobic residues are above the horizontal line, and relatively hydrophilic 
residues are below the horizontal line. As shown in the hydropathy plot, the 

20 hydrophobic region at the beginning of the plot which corresponds to about 
amino acids 1 to 20 of SEQ ID NO:2 is the signal sequence of ELVIS-1. In 
addition, the hyrdophobic region in the middle of the plot which corresponds to 
about amino acids 1 1 1 to 133 of SEQ ID NO:2 is the transmembrane domain of 
ELVIS-1. The cysteine residues (cys) and potential N-glycosylation sites (Ngly) 

25 are indicated by short vertical lines just below the hydropathy trace. 

The amino acid sequence of human ELVIS-1 ( SEQ ID NO:2) was used to 
search public databases (using BLASTP; Altschul et al. (1990) J. Mol. Biol. 
215:403-410) in order to identify proteins having homology to human ELVIS-1. 
This analysis revealed that human ELVIS-1 has considerable homology to 

30 various species of TGF-a including, for example, mouse, rat, pig, sheep TGF-a. 
Figure 7 depicts an alignment of the amino acids sequences of human ELVIS-1, 
and human TGF-a (SEQ ID NO:13) which have 24.4% sequence identity. 



WO 00/29438 Ptt/tlS99/27576 

13 

Human ELVIS-2 

Two -additional clones having significant homology to human ELVIS-1 and 
TGFra were identified by the screening method described above. Both of these 
clones were sequenced and - fa^t^i^-ifl^'yiti^'&^LYJS^: The first ; 
variant is referred to herein as ELVIS-2; The human ELVIS-^DNA (Figure 3 ; 
SEQ ID NO:4) includes an open reading frame (nucleotides 15 W 323 of SEQ ED 
NO:4; SEQEDNO:6) encoding a 103 amino acid putative secreted protein 
(Figure 3; SEQ ID NO:5). The signal peptide prediction programSKSNALP / 
(Nielsen et at (1997) Protein ^gmeerwg to 

includes-a-20^amiiiQ^d^g^.j^ < j e '(a^ acid 1 to about anunb acid 20 of ! 
SEQ m NO:5) preceding the mature protein (about ammo acid 21 to amino acid 
103 of SEQ ID NO:5; SEQID N0:19). Human ELVIS-2 also includes an EGF 
domain (abow amino acids 51 to 87 of SEQ ID NO:5; SEQ ID NO: 1 6): c 

A clone, jthkt037e06, which encodes human ELVIS-2 was deposited with 
the American Type Culture Collection* (10801 University Boulevard, Manassas, 
VA 20110-2209) on ^November 1 1, 1998 and assigned Atcession Number • ' ' 
98982. This deposit will be maintained under the terms of ^Budapest Treaty 51 
on the mterhatioriahRecbgnitioniof the Deposit of Nficrowgariisms for the 
Purposes of Patent :?faedi^^.dfep&toim made merely as a convenience 
for those of skill in the art and is not an admission that a deposit is reqiured under 
35 U.S.C.§112. . :, : .. 

Figure 4 depicts a hydropathy plot of the splice variant ELVIS-2: Relatively 
hydrophobic residues are above the horizontal line, "and relatively hydrophilic ; 
residues are below the horizontal line. As shown in the hydropathy plot, the 
hydrophobic region at the beginning of the plot which corresponds to about 
amino acids 1 to 20 of SEQ ID NO:5 is the signal sequence of ELVIS-2; Tbi 
cysteine residues (cys) and potential N-glycosylation sites (Ngly) are indicated by 
short vertical lines just below the hydropathy trace. ! 

Human ELVTS-1 

The second clone having significant homology to ELVIS-1 and TGF-a is a 
splice variant of ELVTS-1 referred to herein as ELVIS-3. The human ELVIS-3 
cDNA (Figure 5; SEQ ID NO:7) includes an open reading frame (nucleotides 12 
to 294 of SEQ ID NO:7; SEQ ID NO:9) encoding a 94 amino acid putative 
secreted protein (Figure 3; SEQ ID NO:8). The signal peptide prediction ' 
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program SIGNALP (Nielsen et al. (1997) Protein Engineering 10:1-6) predicted 
that human ELVIS-3 includes a 20 amino acid signal peptide (amino acid 1 to 
about amino acid 20 of SEQ ID NO:8) preceding the mature protein (about amino 
acid 21 to amino acid 94 of SEQ IDNO:8; SEQ H>NO:20). 

Human ELVIS-3 also includes an EGF domain (about amino acids 51 to 86 
of SEQ ID NO:8; SEQ IP NO:17). 

A clone, jthkf064b08, which encodes human ELVIS-3 was deposited with 
the American Type Culture Collection (10801 University Boulevard, Manassas, 
VA 201 10-2209) on November 11, 1998 and assigned Accession Number 98983. 
This deposit will be maintained under the terms of the Budapest Treaty on the 
International Recognition of the Deposit of Microorganisms for the Purposes of 
Patent Procedure. This deposit was made merely as a convenience for those of 
skill in the art and is not an admission that a deposit is required under 35U.S.C. 
§112. 

Figure 6 depicts a hydropathy plot of sphce variant ELVIS-3, Relatively 
hydrophobic residues are above, the horizontal line, and relatively hydrophilic 
residues are below the horizontal line. As shown in the hydropathy plot, the 
hydrophobic region at the beginning of the plot which corresponds to about 
amino acids 1 to 20 of SEQ E>NO:8 is the signal sequence of ELVIS-3. The 
cysteine residues (cys) and potential N-glycosylation sites (Ngly) are indicated by 
short vertical lines just below the hydropathy trace. 

Additional sequencing analysis of the ELVIS-3 cDNA clone described above 
provided the cDNA sequence shown in Figure 9 (SEQ ID NO:21). 

Com parison of F.T.VTS-1. ELVI S-7. and ELVIS-3 

An alignment of the amino acidsequences of human ELVIS-1 (SEQ ID 
NO:2), ELVIS-2 (SEQ ID NO:5) and ELVIS-3 (SEQ ID NO:8) is shown in 
Figure 8. The alignment was performed using the Clustal algorithm which is part 
of the MEGALIGN program. The multiple alignment parameters are as follows: 
a PAM250 scoring matrix; Gap Penalty = 10; Gap Extension Penalty = 0.05. 
Elvis-1 is 67% identical to ELVIS-2 and 61% identical to ELVIS-3, while 
ELVIS-2 and ELVIS-3 are 91.3% identical. 

This alignment shows that ELVIS-1 has a signal sequence from amino acids 
1 to 20 of SEQ ID NO:2, which is identical to the signal sequences of ELVIS-2 
(amino acids 1 to 20 of SEQ ID NO:5) and ELVIS-3 (amino acids 1 to 20 of SEQ 
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IDNO:8). lb addition, this alignment shows that ELVIS- 1 has an extracellular 
domain, a transmembrane 

ELVIS-2 and ELVIS-3 lack a transmembrane domain and a cytoplasmic domain, 
thus leading to the conclusion that ELVIS-2 and ELVIS-3 are wholly secreted 
forms of ELVIS- V, which is itself a mernbrane-boimd prbfeii 

Antibodies Directed Againsit ELVIS 

*• 1 the followingpeptides were used to generate polyclonal antibodies in 
rabbits by standard techniques: LCLEDHNSYCING (SEQ ID ^0:22); 
GYTGERCEHLTLT (SEQ ID NO:23) and LKSPYNVCSGERRPL (SEQID 
NO:24). 

Expression of ELVIS- 1 Increases the Growth Rate of Fibroblasts 

Retroviral expression vectors capable of expressing either ELVIS- 1 or 
ELVIS-2 were generated using the MSCVpuro retrovirus vector. The resulting 
ELVIS- 1 and ELVIS-2 retroviral expression vectors, were used produce retrovirus 
for infection of NIH3T3 fibroblasts to generate ELVIS- 1 expressin^fibibbla^ts 
and ELVIS-2 expressing fibroblasts. Infected cells were grown for dght days 
under puromycin selection. The growth rate of ELVIS- 1 expressing fibroblasts, 
ELVIS-2 expressing fibroblasts, and control fibroblasts was measured by ; 
thymidine incorporation as follows. Cells were plafed at varidus densities in 96 
well plates. After 24 hours, 1 jiC of H 3 -tymidine was added to each well; After 6 
hours of labeling, the cells were harvested and the level of incorporated H 3 - 
tymidine was measured. ->r 

This analysis revealed fibroblasts expressing ELVIS- 1 grow about twice as 
quickly as control fibroblasts. ' c 

ELVIS-2 Stimulates th e Growth and Differentiation of Keratinocvtes 

The effect of ELVIS-2 on the growth and differentiation of keritinocytes wks 
examined as follows. In a first experiment, approximately 50,000 human fetal 
keritinocytes (strain YF29) were plated on irradiated NIH3T3 cells in cFAD 
medium with various combinations of TGF-a and recombinant ELVIS-2. The 
cells were fed every three days. On day 10 the cells were fixed in formaldehyde, 
stained with rhodamine B and examined. Cells cultured in the presence of 
ELVIS-2 piled up into epithelial layers rather than growing spread out on the 
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plate. Cells cultured in the presence of 100 ng/mL ELVIS-2 formed raised 
"blisters" of cells. In a second experiment, approximately 20 human fetal 
keritinocytes (strain YF29) were plated on irradiated NIH3T3 cells in cFAD 
medium. Six days later, TGF-ct and/or ELVIS-2 was added to the cultures. The 
cells were fed every 4 days. On day 16, the cells were fixed in formaldehyde, 
stained with rhodamine B, and examined. This experiment revealed that 
exposure to ELVIS-2 induces "blister" formation in the cell culture in both the 
presence and absence of TGF-a. The inducement of blister formation by ELVIS- 
2 suggests that ELVIS may stimulate the growth and different 

keratinocytes. % 

ELVIS-2 and ELVIS-3 are Wholly Secreted Proteins 

A secretion analysis assay revealed that both ELVIS-2 and ELVIS-3 are 
secreted into the medium. 

Chromosomal Location of ELVIS 

Genomic mapping of ELVIS revealed that ELVIS maps to chromosomal 
location 4ql2-13. 

Nothern Blot Analysis of ELVIS Expression 

Northern blot analysis of ELVIS expression revealed expression in 
keratinocytes and HeLa cells. 

In situ Analysis of ELVIS Expression 

Expression of ELVIS in situ was analyzed using two probes, one to the 
coding region of ELVIS and one to the 3' UTR of ELVIS, This analysis revealed 
that ELVIS is expressed in stratified squamous epithelium within the cervix. No 
expression was observed in human skin, monkey skin, human esophagus, or 
human tonsil. 

ELVIS as an Agonist or Antagonist of EGF 

ELVIS and modulators of the expression or activity of ELVIS may act as 
agonists or antagonists of EGF. Such molecules may increase or decrease the 
activity of the EGF receptor, the erbB2 (HER-2) receptor, the erbB3 (HER-3) 
receptor, and/or the erbB4 (HER-4) receptor. The effect of ELVIS and 
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modulators of the expression or activity of ELVIS on these receptors can be 
. ra i? mmed ceUs that express one or more of these receptors. For example, 
A 4 ^ 1 /^ SKOV-3 cells (ATCC 

HlB-77) express erbB2; SKBR-3 cells (ATCC HTB-30) express EGF receptor, 
erbB? and erbB3; and MDA MB-453 cells (ATCC HTB-131) express erbB2, '< 
erbB3 and'erbB4. 

The ceUs ^ ^ovm in standard medium (e.g., DMEM with 10% fetalcalf 
serum) in the presence or absence of EGF, TGF-a, or neuregulin and an ELVIS 
polypeptide (e.g., the extracellular domain of ELVIS- 1 ) or a modulator of the 
expression or acti vity of ELVIS. The activity of the receptors) expressed by the 
cells can be measured directly using an anti-phosphotyrosine antibody or 
indirectly using a standard cell proliferation assay. For example, MDA-MB453, 
SKBR-3 and SKOV-3 cells are grown to 80% confluency in DMEM 
supplement with 10% FCS in a humidified atmosphere of 5% C02 at 37°C. 
Tfe cells are then replated in ^nun-free media for 16h before being exposed to ! 
NDF (100 ng/mL), EGF (100 ng/mL) or various concentrations of ELVIS for/15 ] 
minat37°C. Cell lysates are prepared and comparable amounts of protein ' 
se^^ona^^ [ 
immunodetection of pliosphoiylated proteins is performed using the monoclonal 
antiphosphotyrosine antibody 4G1 0 (Upstate Biotechnology* NY) as described by 
the manufacturer and utilizing ECL (Amersham). NDF and EGF can be , ; 
purchased from R&D Systems (Minneapolis, MN). For immunoprecipitation 
assays Img of cell extract is incubated with antibodies to erbB4, EGFR, ErbB3 of 
erbB2(Santa Cruz, Ca) at a concentration of lmg/ml for 2h at 4°C. Samples are 
then bound to protein G agarose for 1 2h at 4°C, before being washed 4 times in 
lysis buffer. Immunoprecipitated samples are resuspended in sample buffer, 
boiled for 5* and then electrophoresed through SDS PAGE gels. Gels are then 
transferred and blotted as detailed above. 
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TABLE 1: Summary of Human ELVIS-1, ELVIS-2 and ELVIS-3 Sequence 
Information 



Gene 


cDNA 


ORF 


Protein 


Figure 


Accession No. 


HUMAN 
ELVIS-1 


SEQIDNOil 


SEQIDNO:3 


SEQIDNOS 


Figure 1 


98981 "~ 


HUMAN 
ELVIS-2 


SEQIDNO:4 


SEQIDNO:6 


SEQIDNO:5 


Figure 3 


98982 


HUMAN 
ELVIS-3 


SEQIDNO:7 
SEQIDNO:21 


SEQIDNO:9 


SEQH>NO:8 


Figures 


98983 

■ .i. 
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TABLE 2: Summary of Domains of Human ELVIS-1 , ELVIS-2 and ELVIS- 
3 Proteins 



Protein 


Signal 
Sequence 


Mature 
Protein 


Extracellular 
Domain 


Transmembrane 
Domain 


Cytoplasmic 
Domain 


HUMAN ELVIS-1 


aai-20 


aa 21-644 


aa 21-110 


aa 111-133 


aa 133-154 


SEQE>NO:2 


SEQIDNO:14 


SEQEDNO:i8 


SEQIDNO:12 


SEQIDNO:!! 


SEQIDNO: 10 


HUMAN 
ELVIS-2 

SEQIDNO:5 


aa 1-20 
SEQtt>NO:14 


aa21-103 
SEQIDNO: 19 








HUMAN ELVIS-3 


aal-20 


aa 21-94 








SEQIDNO:8 


SEQIDNO:14 


SEQIDNO:20 
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ite nf FI.VTS Nug]ejc &sid& Eab^SEtideg and EI VIS Agonists or Antafionists 

The ELVIS proteins of the invention comprise a family of proteins with 
significant identity to TGF-a which is a member of the EGF/TGF-a family of 
proteins. Other members of the EGF/TGF-a family, including amphiregulin, 
heparin-binding EOF (HB-EGF), and betaceilulin, have been identified based on 
sequence similarity, mitogenic activity and the capacity to interact with the EGF- 
receptor. Based on the sequence similarity between the ELVIS proteins and 
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TGF^cr, ELVIS proteins likely fiinction in a similar ihanner as members of the 
EGF/IXJF-a family. Thus, ELVIS modulators can be used to treat any 
EGF/TGF^or-associ^ed disorders. . . 

'Tof^ample; the ELVIS proteihs likely play a role in wound healing; In 
•v/7>t>vstudies have shown tfiat EGF and TGF-a influence a number of cellular 
processes involved in soft tissue repair leading to their categorization as wound 
hormones for wound healing. For example; both EGF and T GF-a induct 
proliferation of dermal fibroblasts (Bucktey-Stunwk etal. (1989) J] Cell; BioL 
138:70-78; Laato et al. (1987)7. Biochem. 247:3 85-388), EGF exerts 
proliferative and chemotaxis effects oh granulatidn-tissue derived fibroblasts and 
induces cpllagenase and hyaluronic synthesis (Laato et aL ( 1988) ActtiVhir. ' 
ScancL Supipl: 546:4-44), and EGF stimulates keratinocyte proliferation and 
migfatiori'(Barrandbn etal: (1987) Ce// 50: 113 1-1137, Chemoff (1990) drbwik 
Factor^ i 1 :235^257); TGF-a is also abundant in "self renewing tissue such as : 
skin arid^tfiiis cai^prdvide a mitogenic si^iai for self renewing cellsT ; 

Clinical trials with EGF have also demonstrated that EGF accelerates healing 
in burn patients receiving skin-grafts; Brown et al. (1989) N: Engl J: Med 
321:7^79. ^e ELWS nucleic acid^m proteins or modulators thereof of 

the invention likely affect various cells, e.g., various skiri cells associated with 
wound healing. Effects that the ELVIS nucleic acid molecules, proteihs, ,e or • " 
modulator theitdf have on various cells; e.g.- skin cells, include proiiferaH6n n 
and migration. As ELVIS-1 was isolated from a keratin^ 
expressed in keratihocytes, and is homologous to TGF-a, it likely plays a role in 
the proliferation and/or migration of keratinocytes. "Accordingly, the ELVIS 
proteins; nucleic acids and/or modulators of the invention are useful for the 
treatment of wounds, e.g., burns. 

In addition, the effects of the ELVIS proteins of the invention oh various 
skin cells can have cosmetic applications/ For example, the ELVIS proteins play 
a role in the proliferation and/or migration of skin cells such as hair follicles and, 
therefore, are useful for modulating (e.g., stimulating or promoting) hair growth. 
Accordingly, the ELVIS proteins, nucleic acids and/or modulators of the 
invention have cosmetic use such as for treatment of hair loss or the treatment of 
unwanted hair growth. 

A number of different cancer cells exhibit elevated levels of EGF-receptors. 
Groenen et al. (1994) Growth Factors 11:235-257. Moreover, TGF-a has been 
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associated with the growth and maintenance of tumors including those of the 
lung, breast, head and neck, prostate, brain, liver, bladder, endometrium, kidney 
and gastrointestinal tract Oppenheim et al., eds., Clinical Applications of. 
Cytokines: Role in Pathogenesis, Diagnosis and Therapy (Oxford Universrty 
Press, New York, NY, 1993, pp 263 r 265). Experimental trials have begun w,th 
XGF-o toxins against EGF-receptor, e.g., TGF-ot fused ^Pseudomoms 
exotoxin (PE),diphfteriatoxta In - 

addition, antagonists of TGF-ct are likely able to compete with autocrine TGF**, 
and thus inhibit cancer growth. 

The ELVIS nucleic acid molecules, proteins or modulators thereof also 
modulate cell proliferation, and thus are useful in modulating proliferative 
disorders such as cancer. Thus, ELVIS nucleic acidmolecules, proteins or 
modulators thereof, e.g„ antibodies, can be fused with a therapeutic moiety, e.g., 
toxin, or administered in combination with a theraepeutic moiety, e.g., PE, DT or 
ricin, to target receptors, e.g., EGF receptors, e.g., EGFr, HER-2, HER-3, or 
HER-4, on cancer cells, e.g. epithelial cancer cells (carcinoma cells), e.g, 
epithelial cells of the following tissues which have become cancerous: lung, 
breast, head and neck, prostate, liver, brain, bladder, cervix, endometrium, 
kidney, gastrointestinal.tract, or ovary. In addition, modulators, e.g„ antagonists, 
e g antibodies, of ELVIS, can be used to modulate, e;g., inhibit or reduce, x.< 
aberrant ELVIS expression associated with, for example, proliferative disorders 
such as cancers. Accordingly, modulators of ELVIS activities, e.g. antagonists, 
as well as, ELVIS proteins used as targeting agents for toxins can be used for the 
treatment of proliferative disorders such as cancer. 

Specifically, ELVIS proteins can play a role in the proliferation and 
migration of various skin cells. Thus, aberrant ELVIS expression and/or ELVIS 
activities can be involved in various skin proliferative disorders. Therefore, 
modulators of ELVIS expression and/or activities, e.g., ELVIS antagonists, can 
be useful in the treatment of skin proliferative disorders such as psoriasis. 
Modulators of ELVIS expression and/or activities, e.g., ELVIS antagonists, can 
be useful in the treatment of contact dermatitis. 

It has been reported (Ginns et al. (1998)) that a locus, MHW1 (603663), on 
4p at D4S2949 is strongly linked with mental health wellness (e.g., absence of 
bipolar affective disorder) in Old Order Amish pedigrees. These findings were 
consistent with the hypothesis that certain alleles could prevent or modify the 
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^clinical mahifestatiohs of bipolar affective disorder and perhaps other related 
affective disoixlers; Thui^ modulators of ELVIS expression or activity may be 
/useful for treatment of bipolar affective disorder and other related affective 
disorders. ■ ■■ • 

Various aspects of the invention are described in further detail in the 
following subsections, 

I. Isolated Nucleic Acid Molecules f - " 

One aspect of the invention pertains to isolated nucleic acid molecules that 
encode a polypeptide of the invention or a biologically active portion thereof, as 
well as nucieic acid molecules Sufficient for u^ & hybridization probes to 
identify nuclwc add moliKuld; encoding of the invention 1 aiid' 

fragments of such nucleic acid moleciiles Suitable for use as PCR primers for the 
amplification or mutation of nucleic acid m6lefculd& As used herein, the term 
15 "nuclddacid mbl^ule^ is iritehded to 

genomic DNA) and RNA molecules (d:g^ iriRNA) and analogs of the SNA or 
RNA generated using nucleotide analogs; ^ITieT micleic acid molecule be s 
single-stranded or double-st^ded, but prefra^ 

*■ . An "isolated" nucleic ; acid molecule is ^rie which^ is separated from other 

20 nucleic acid molecules which rapi^rit^in^ 

molecule. Preferably, an "isolated" nucleic acid molecule is free of saliences 
(preferably protein T encddirig sequaic^>'whicfi naturally flank the nucleic acid 
(Ke., sequences located afcthe 5 ,j aWd3' ends of the nucieic acid) in the genomic 
DNA of the oi^ganism from which the nucleic acid is derived. For example, in 

25 various embodiments, the isolated nucleic acid molecule can contain less than 
about 5 kB; 4 kB; 3 kB, 2 kB, 1 kB, 0.5 kB or 0.1 -kB of nucleotide sequences 
which naturally flank the nucleic acid molecule in genomic DNA of the cell from 
which the nucleic acid is derived. Moreover, an "isolated" nucleic acid molecule, 
such as a cDNA molecule, can be substantially free of other cellular material, or 

30 culture medium when produced by recombinant techniques, or substantially free 
of chemical precursors or other chemicals when chemically synthesized. 

A nucleic acid molecule of the present invention, e.g., a nucleic acid 
molecule having the nucleotide sequence of SEQ ID NO:f, 3, 4, 6, 7, 9, or a 
complement thereof, can be isolated using standard molecular biology techniques 

35 and the sequence information provided herein. Using all or a portion of the 
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nucleic acid sequences of SEQ ID NO:l, 3, 4, 6, 7 or 9 as a hybridization probe, 
nucleic acid molecules of the invention can be isolated using standard 
hybridization and cloning techniques (e.g., as described in Sambrook et al., eds., 
Molecular Cloning: A Laboratory Manual, 2nde<L, Cold Spring Harbor 
5 Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 
1989) 

A nucleic acid molecule of the invention can be amplified using cDNA, 
mRNA or genomic DNA as a template and appropriate oligonucleotide pnmers 
according to standard PCR amplification techniques* The nucleic acid so 
amplified can be cloned into an appropriate vector and characterized by DNA 
sequence analysis. Furthermore, oligonucleotides corresponding to all or a 
portion of a nucleic acid molecule of the invention can be prepared by standard 
synthetic techniques, e.g., using an automated DNA synthesizer. 

In another preferred embodiment, an isolated nucleic acd molecule of the 
invention comprises a nucleic acid molecule which is a complement of the 
nucleotide sequence of SEQ ID NO: 1 , 3, 4, 6, 7, or 9, or a portion thereof. A 
nucleic acid molecule which is .complementary to a given nuclcot.de sequence «s 
one which is sufficiently complementary to the given nucleotide sequence that t 
can hybridize to the given nucleotide sequence thereby forming a stable duplex. 

Moreover, a nucleic acid .molecule of the invention can comprise only a 
portion of a nucleic acid sequence encoding a full length polypeptide of the 
invention for example, a fragment which canbe used asaprobe or pruner or a 
fragment encoding a biologically active portion of a polypeptide of the mvenUon. 
The nucleotide sequence determined from the cloning one gene allows for the 
generation of probes and primers designed for use in identifying and/or clonmg 
homologues in other cell types, e.g., from other tissues, as well as homologues 
fromomermanimals.Tbeprobe^^ 

purified oligonucleotide. The oligonucleotide typically comprises a region of 
nucleotide sequence that hybridizes under s ^ entMn ^f 
30 12, preferably about 25, more preferably about 50, 75, 100, 125, 150, 175, 200, 
250 300 350 or 400 consecutive nucleotides of the sense or anti-sense sequence 
of SEQ ID NO:l, 3, 4, 6, 7, or 9, or of a naturally occurring mutant of SEQ ID 

NO:l,3,4,6,7,or9. ' m 

Probes based on the sequence of a nucleic acid molecule of the mventton can 
35 be used to detect transcripts or genomic sequences encoding the same protem 
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molecufe encoded by a selected nucleic acid inolanife. The probe comprises a 
label group attached thereto, e.g., a radioisotope, a fluorescent conifiound, an 
enzyme, or an enzyme co-factor. Such protes'can be usgfts part of a diagnostic 
te^ kit for identiiyihg ^ 
5 measuring levels of a nucleic acid molecule encoding the protein in I s^ripie of 
cells froiri a siibject, e.g ; , detecting inW^ lewl^bif det^iriingwHedier a gene 
encoding the protein has bisen mutated or deleted. 

A nucleic acid fragment encoding a "biblbgically acti ve portion* of a 
polypeptide of the inventibti can be prepared by isolating a portion of any of SEQ 
ID NOS:3i 6 or 9, expressing the encoded portion of the polypeptide protein (e.g., 
by recombinant egression iri vitro) and Seising the activity of the encoded " 
portion of the polypeptide; ..>•=«.■; r ^ 

The invention further encompasses nucleic acid molecules that differ from 
the nucleotide sequence ofSEQ 10^6:1, 3,4,6; Tf&frfee todegehei^y of the 
15 generic a>de airi ^ 

sequence of SEQ ID N0:3- 6 6r 9. : w v ^"- ' ?k 

In addition to the riucl&tide sequel 6, and ^ it will be 

appreciated by those skilled iri the art that DNA sequ6ri<#pbiymo^ 
lead to changes in the amino acid sequence may exist within a pbptotidii jfcg j 
20 the human population). Siich genetic polymorphisms i m^iyiexist ambrig / 

individuals withih a population due to natural allelic variation. An allele is one of 
a group of genes' which occur alternatively at a given genetic locus. As used 
herein, the phraise "allelic variant" refers toa hucleotidie^equence Whi^ wcure at 
a given locus or to a polypeptide encoded by the nucleotide si^udnce. As usee! 
25 herein^ the terms "gene" and "recombinant gene" refer to nucleic acid molecules 
comprising an open reading frame encoding a polypeptide of the invention. 
Such natural allelic variations can typically result in I -5% variance in the 
nucleotide sequence of a given gene. Alternative alleles can be identified by 
sequencing the gene of interest in a number of different individuals. This can be 
30 readily carried but- by using hybridization probes to identify the same genetic 
locus in a variety of individuals. Any and all such nucleotide variations and 
resulting amino acid polymorphisms or variations that are the result of natural 
allelic variation and that do not alter the functional activity are intended to be 
within the scope of the invention. 
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^^(homolog.*), which ^•■^ !a r"t^ 
fto^ ^of torn*. ,-««!» described herein .re io«nded u. be w«hm fte 

Z^hybrfd^teohnique*^ 

^Le, a cDNA etKodbtg a soluble ten of. .t-rane^ound 

membrane-bound form can be isolated based on its bybridiztfioo to a nucleic acid 
molectdeoKodingant»l>attoftbesoh*tefonn. 

Aeeorain.lv, in mother embodiment an isolatrf nuctac acid molecule of 

, 5 

700, 800, 900, 1000, o, 1290) nucleuses in leg* and h*n**s 
^,e<»dite»lhenue«icac„motol.c«n^ft.»«cl««>* 
sequence, preferably the coding sequence, of SEQ IDNOil, 3, 4, 6, 7, or 9, or a 
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to describeconditions for hybridization and washing under W hich nucleofide 
sequences at least 60'/. (65%, 70%, preferably 75%) identical to each other 
^.ainhybridizedtoeachother. Such stringent conditions 
TLse skilled in the art and can be found in Current Protocols m Molecular 

examp£ of stringent hybridization conditions are hybridation m 6X sodmm 

0 2 XSSC 0 l%SDSat,50-65°C. Preferably, an isolated nucle,c ac.d mo.*»le 
of the invention that hybridizes under stringent conditions to the sequence of 
SE Q roNO:l,3,4,6 ) 7,or9,oracomplementfoe^f,corr«pondstoa 

naturally^ccurringnucleicacidmoleoule. As used herem, a 

nucleotide sequence that occurs in nature (eg. encodes a natural ^ 
,„ addition to 

of the invention sequence that may exist in the population, the sk.lled artisan wdl 
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" further ^predate that changes can be introduced by mutation thereby leading to 
chan ges in the amino acid sequence of the encoded protein, without altering the 
biologii^ a^vity bftheproieih. For example, one 

subkifutions leading to ainino acid sul>sMitions at "non-ess«^tiai ,, amino acid 
5 residues!" A "non-essential" amino acid residue is a residue that can be altered 
x foin1^^vild-type sequende withom aJtdnhg Itfie biolo^ activ^, whereas an 
"essential" amino acid residue is required for biologic^ activity. For example, 
amino acid residues thdt are not conserved or only semi-conservrci among 
homologu& of Viiridifc s^iesWy be noh^^ti^foVartivi^ aid thus wouid 
10 be mely taigets for attention! Alternatively; artiiho acid residues ^iat are 

conserved^n^ species (e.g.! murine and human) 

iiay be essential for activity iaind thus would not be likely targets for alteration. 

Acbordiiigly, Another aspect of the invention pertains to nucleic acid 
molecules encoding a polypeptide of ihe invention tfi^coh^in changes in amino 
15 acid residues^ are not Hsential ifor activii^. Such poi^pt^ 

acid sequenWfirbm SEQ ID NO:2, 5, or 8, yet retam bic^c^ical acti^ In one 
emboduhefii^ ; the isbteted nucleic acid niol&ule include a nucleotide sequence 
encoding a protein that includes an amino acid sequence thai is atleast about 
45% ideMcaI, 65%, 75%; ? 85%, 95%, br 98% ideritical to the anino acid 
20 sequent ; . .u, - 

AHisoiated nucleic acid molecule encoding a variant protein can be created 
r by introducing one or more nucleotide substitutions, additions or deletion* into 
the nucleotide sequence bf SEQ ID NO: 1, 3, 4, 6, 7 9 or 9 such that one or more 
amino acid substitutions, additions or deletions are iii^iicecl into the encoded 

25 protein. Mutations can be introduced by standard techniques, such as sit^ 

directed mutagenesis and PCR-mediated mutagenesis. Preferably, conservative 
amino acid substitutions are made at one or more predicted non-essential amino 
acid residues. A "conservative amino acid substitution" is one in which the 
amino acid residue is replaced with an amino acid residue having a similar side 

30 chain, Families of amino acid residues having similar side chains tiave been 
defined in the art These families include amino acids with basic side cliains 
(e.g., lysine, arginirie, histidine), acidic side chains (e.g., aspartic acid, glutamic 
acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, 
threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine,' 

35 isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side 
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chains (eg., threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, 
phenylalanine, tryptophan, histidine). Alternatively, mutations can be introduced 
randomly along all or part of the coding sequence, such as by saturation 
mutagenesis, and the resultant mutants can be screened for biological activity to 
5 identify mutants that retain activity. Following mutagenesis, the encoded protein 
can be expressed recombinantly and the activity of the protein can be determined. 

In a preferred embodiment, a mutant polypeptide that is a variant of a 
polypeptide of the invention can be assayed for: (1) the ability to form 
proteiniprotein interactions with proteins in a signaling pathway of the 
10 polypeptide of the invention; (2) the ability to bind a ligand of the polypeptide of 
the invention; or (3) the ability to bind to an intracellular target protein of the 
polypeptide of the invention. In yet another preferred embodiment, the mutant 
polypeptide can be assayed forme ability to modulate cellular proliferation, 
cellular migration or chemotaxis, or cellular differentiation. 
1 5 The present invention encompasses antisense nucleic acid molecules, i.e„ 

molecules which are complementary to a sense nucleic acid encoding a 
polypeptide of the invention, e.g., complementary to the coding strand of a 
double-stranded cDNA molecule or complementary to an mRNA sequence. 
Accordingly, an" antisense nucleic acid can hydrogen bond to a sense nucleic acid. 
20 The antisense nucleic acid can be complementary to an entire coding strand, or to 
only a portion thereof, e.g, all or part of the protein coding region (or open 
reading frame). An antisense nucleic acid molecule can be antisense to all or part 
of a non-coding region of the coding strand of a nucleotide sequence encoding a 
polypeptide of the invention. The non-coding regions ("5' and 3' untranslated 
25 regions") are the 5' and 3' sequences which flank the coding region and are not 
translated into amino acids. 

An antisense oligonucleotide can be, for example, about 5, 10, 15, 20, 25, 30, 
35, 40, 45 or 50 nucleotides in length. An antisense nucleic acid of the invention 
can be constructed using chemical synthesis and enzymatic ligation reactions 
30 using procedures known in the art For example, an antisense nucleic acid (e.g., 
an antisense oligonucleotide) can be chemically synthesized using naturally 
occurring nucleotides or variously modified nucleotides designed to increase the 
biological stability of the molecules or to increase the physical stability of the 
duplex formed between the antisense and sense nucleic acids, e.g., 
35 phosphorothioate derivatives and acridine substituted nucleotides can be used. 
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Examples of modified nucleotides which can be used to generate the antisense 
nucleic acid include 5-fluorburacil, 5-bromouracil, 5-chloroiiracil, 5-iodouracil, 
hypoxanthine, xanthine, 4-acetyIcytosine, SKc^boxyhydroxylmethyl) uracil, 5- 
carbbj^eJthylaminomethyl^ S^boxymethylaminomethyi^ii, 
5 dihydrouracil, beta-D-galactosylqueosiiie, inosirie, N6-isopentenyIadem : ne, 1 - 
methylgimhine, i-methylihosine, 2^-dimethyIguanine, 2-methyIadenine^ 2- 
methylguanine, 3-meth^l(ytosine, 5-methylcytosine, N6-adenine, 7- 
methylgiiai^ / 
thioiiraci^ 

10 methoxyuracil, 2-methylthio-N6-isopentenyIadenine, uracil-5-oxyacetic acid fvV 
wybutoxo'sirie, pseudouracil, queosine, 2-thibcytosirie, 5-i^eftyi-2.thiouraciI, 2- 
thiduracil, 4-thiouraciI, 5-methyiuraciI, uraciI-5-oxyacetic acid methylester, 
uraciI-5-oxyacetic acid (v), 5-metfiyl-2-thiouraciI, 3n(3-toino-3-N-2- 
carboxypbpyi) uracii/(acpi3)w, arid 2,6-diarhinopiirine. Alternatively* ttie 
15 antisense nucleic acid can be produced biologically using an expression vector 
into which a nucleic acid has teen subcloned in an antisense orientation (i.e., 
RNA inscribed 'from the insehed nucleic acid will be of an aritiswise orientation 
to a t^& nucleic acid of interesi, described fiu*erin tlie foll^ings^ction). 
The antisense nucleic acid molecules of the invention are typically "''■*' 
20 administered to a subject or generated/* situ such that they hybridize with or 

bind to cellular mRNA arid/or genomic DNA encoding a selected polypeptide of 
the invention to thereby inhibit expression, e.g., by inhibiting transcription and/or 
translation. The hybridization can be by conventional nucleotide 
complementarity to form a stable duplex, or, for example, in the case of an 
25 antisense nucleic acid molecule which binds to DNA duplexes, through specific 
interactions in the major groove of the double helix. An example of a route of 
administration of antisense nucleic acid molecules of the invention includes 
direct injection at a tissue site. Alternatively, antisense nucleic acid molecules 
ban be modified to target selected cells and then administered systemically. For 
example; for systemic administration, antisense molecules can be hiodified such 
that they specifically bind to receptors or antigens expressed on a selected cell 
surface, e.g., by linking the antisense nucleic acid molecules to peptides or 
antibodies which bind to cell surface receptors or antigens. The antisense nucleic 
acid moiecules can also be delivered to cells using the vectors described herein. 
35 To achieve sufficient intracellular concentrations of the antisense molecules, 
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vector constructs in which the antisense nucleic acid molecule is placed under the 
control of a strong pol II or pol III promoter are preferred. 

An antisense nucleic acid molecule of the invention can be an ct-anomeric 
nucleic acid molecule. An oc-anomeric nucleic acid molecule forms specific 
5 double-stranded hybrids with complementary RNA in which, contrary to the 

usual p-unhs, the strands run parallel to each other (GauKier et al. (1987) Nucleic 
Acids Res. 15:6625-6641). The antisense nucleic acid molecule can also 
comprise a 2'-o-methylribonucleotide (Inoue et al. {mi) Nucleic Acids Res. 
15:6131-6148) or a chimeric RNA-DNA analogue (Inoue et al. (1987) FEBSLett. 

10 215:327-330). 

The invention also encompasses ribozymes. Ribozymes are catalytic RNA 
molecules with ribonuclease activity which are capable of cleaving a single- 
stranded nucleic acid, such as an mRNA, to which they have a complementary 
region. Thus, ribozymes (e.g., hammerhead ribozymes (described in Haselhoff 

15 and Gerlach (1988) Nature 334:585-591)) can be used to catalytically cleave 
mRNA transcripts to thereby inhibit translation of the protein encoded by the 
mRNA. A ribozyme having specificity for a nucleic acid molecule encoding a 
polypeptide of the invention can be designed based upon the nucleotide sequence 
of a cDNA disclosed herein. For example, a derivative of a Tetrahymena H9 

20 IVS RNA can be constructed in which the nucleotide sequence of the active site 
is complementary to the nucleotide sequence to be cleaved in a Cech et al. U.S. 
Patent No. 4,987,071; and Cech et al. U.S. Patent No. 5,116,742. Alternatively, 
an mRNA encoding a polypeptide of the invention can be used to select a 
catalytic RNA having a specific ribonuclease activity from a pool of RNA 

25 molecules. See, e.g., Bartel and Szostak (1993) Science 261:1411-1418. 

The invention also encompasses nucleic acid molecules which form triple 
helical structures. For example, expression of a polypeptide of the invention can 
be inhibited by targeting nucleotide sequences complementary to the regulatory 
region of the gene encoding the polypeptide (e.g. the promoter and/or enhancer) 
30 to form triple helical structures that prevent transcription of the gene in target 
cells. See generally Helene (1991) Anticancer Drug Des. 6(6):569-84; Helene 
(1992) Arm. N.Y. Acad Sci. 660:27-36; and Maher (1992) Bioassays 14(12):807- 
15. 

In various embodiments, the nucleic acid molecules of the invention can be 
35 modified at the base moiety, sugar moiety or phosphate backbone to improve, 
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e;fc the'stabilhy, hybridization; or solubility of the molecule. For example, the 
deoxyribose phosphate backbone of the nucleic acids can be modified to generate 
peptide nucleic acids (see Hyrup et al. (1996) Bioorganic & Medicinal Chemistry 
4(1): 5-23). As used herein; the terms "peptide nucleic acids" or "PNAs" refer to 
5 nucleic acid mimics, e.g., DNA mimics, in which the deoxyribose phosphate 
backbone is replaced by a pseudopeptide backbone and only the four natural 
nucleobases are retained. The neutral backbone of PNAs has been shown to 
allow for specific hybridization to DNA and RNA under conditions of loW iortic 
strength; The synthesis of PNA Oligomers can be performed using standard solid 
10 phase peptide synthesis protocols as described in Hyrup et al. (1996); supra; 
Perry-OTCeefe et al. (1996) Proc. Natl. Acad Sci. USA 93: 14670-675. 

PNAs canoe used in therapeutic and diagnostic applications. For example, 
PNAs can be used as antisense or antigene agents for sequence-specific 
modulation of gene expression by, e.g., inducing transcription or translation 
15 arrest or thhibitirig replication. PNAs can also be used, e.g^' in the analysis of 
single base'pair mutations in a gene by, e.g., PNA directed PCR clamping; as 
airtificialfrestrictiori enzymes when used in combination with other enzymes, e.g., 
SI nucleases (Hyrup (1996), supra; or as probes or primers for DNA sequence 
and hybridization (Hyrup (1996), supra; Perry-G'Keefe et al.(1996)>roc. Natl. 
20 AcM Sci. USA 93: 14670-675). 

Iii another embodiment, PNAs can be modified, e g, to enhance their 
stability or cellular uptake; by attaching lipophilic or other helper groups to PNA, 
by the forinatiori of PNA-DNA-chimeras, or by the use of liposomes or other 
-techjniiques Of drug delivery known [ in the art. For example, PNA-DNA chimeras 
25 can be generated which may combine the advantageous properties of PNA and 

DNA; Such chimeras allow DNA recognition enzymes, e.g., RNAse H and DNA 
polymerases; to interact with the DNA portion while the PNA portion wOuld 
provide high binding affinity and specificity. PNA-DNA chimeras can be linked 
using linkers of appropriate lengths "selected in terms of base stacking, number of 
30 bonds between the nucleobases, and orientation (Hyrup (1 996), supra). The 

synthesis of PNA-DNA chimeras can be performed as described in Hyrup (1996), 
supra, and Finn et al. (1996) Nucleic Acids Res. 24( 1 7):3357-63. For example, a 
DNA 'chain can be synthesized on a solid support using standard phosphoramidhe 
coupling chemistry and modified nucleoside analogs. Compounds such as 5*-(4- 
35 niethoxytrityl)amino-5'-deoxy-thymidine phosphoramidite can be used as a link 
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between the PNA and the 5' end of UNA (Mag et al. (1989) Nucleic Acids Res. 
17:5973-88). PNA monomers are then coupled in a stepwise manner to produce 
a chimeric molecule with a 5 1 PNA segment and a 3' DNA segment (Finn et al. 
(1996) Nucleic Acids Res. 24(17):3357-63). Alternatively, chimeric molecules 

5 can be synthesized with a 5' DNA segment and a 3' PNA segment (Peterser et al. 
(1975) Bioorganic Med Chem. Lett. 5:1 1 19-1 1 124). 

In other embodiments, the oligonucleotide may include other appended 
groups such as peptides (c*. for targeting host cell receptors in vivo), or agents 
facilitating transport across the cell membrane (see, e.g., Letsinger et al. (1989) 

10 Proc. Nad. Acad Set USA 86:6553-6556; Lemaitre etal. (1987) Proc. Natl 
AcadSci. USA 84:648-652; PCT Publication No. WO 88/09810) or the blood- 
brain barrier {see, e.g., PCT Publication No. W0 89/10134). In addition,, 
oligonucleotides can be modified with hybridization-triggered cleavage agents 
(see, e.g., Krol et al. (1988) Bio/Techniques 6:958-976) or intercalating agents 

15 (see, e.g', Zon (1988) Pharm. Res. 5:539-549). To this end, the oligonucleotide 
may be conjugated to another molecule, e.g., a peptide, hybridization triggered 
cross-linking agent, transport agent, hybridization-triggered cleavage agenVetc. 

TT. Isolated Proteins and Antibodies 
20 One aspect of the invention pertains to isolated proteins, and biologically 

active portions thereof, as well as polypeptide fragments suitable for use as 
immunogens to raise antibodies directed against a polypeptide of the invention. 
In one embodiment, the native polypeptide can be isolated from cells or tissue 
sources by an appropriate purification scheme using standard protein purification 
25 techniques. In another embodiment, polypeptides of the invention are produced 
by recombinant DNA techniques. Alternative to recombinant expression, a 
polypeptide of the invention can be synthesized chemically using standard 
peptide synthesis techniques. 

An "isolated" or "purified" protein or biologically active portion thereof is 
30 substantially free of cellular material or other contaminating proteins from the 
cell or tissue source from which the protein is derived, or substantially free of 
chemical precursors or other chemicals when chemically synthesized. The 
language "substantially free of cellular material" includes preparations of protein 
in which the protein is separated from cellular components of the cells from 
which it is isolated or recombinantly produced. Thus, protein that is substantially 
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free of cellular material includes preparations of protein having less than about 
30%; 20%, 10%; or 5% (by dry weight) of heterologous protein (also referred to 
herein as a "contaminating protein"). When the protein or biologically active 
portion thereof is recombinantly produced, it is also preferably substantially free 
5 of culture medium, ik, culture medium represents less than about 20%, 1 6% or 
5% of the volume of the protein preparation. When the protein is produced by 
chemical synthesis; it is preferably substantially free of chemical precursors or 
other chemicals, i.e., it is separated from chemical precursors or other chemicals 
which are involved in the synthesis of the protein. Accordingly such preparations 
10 oftheprotein have less tiiah ^abom ; 30%, 20% 10% 5%(by dry weight)of 
chemical precursors or compounds other than the polypeptide of interest. 

Biologically active portions of a polypeptide of the invention include 
polypeptides comprising amino acid sequences' sufficiently identical to or derived 
from the amino acid sequence of the protein (e.g., the aniino acid sequence 
15 shown in any of SEQ TD N0S:2, 5, or 8), which include fewei ammo acidsthan 
1 the full-length protein; and exhibit atleast one activity of the corresponding full- 
length protein. Typically/biblbgically active portions comprise a domain or 
mptif with at least oneactivify of the corresponding protein. A biologically 
active portion of a protein of the invention can be a polypeptide wh ich is, for 
20 example, 10, 25, 50, 100 or more amino acids in length. Moreover, other 

biologically active portions, in which other regions of the protein are deleted, can 
•be prepared by recombihaht techniques and evaluated for one or more of ihe 
1 Actional activities-of the native form of a polypeptide of the invention. 

- Preferred (Polypeptides have the amino acid sequence of SEQ ID NOi2, 5, or 
25 8. Other useful proteins are substantially identical (e.g., at least about 45%, 

preferably 55%, 65%, 75%, 85%, 95%, or 99%) to any of SEQ ID NO:2, 5, or 8 
and retain the functional activity of the protein of the corresponding naturally, 
occurring protein yet differ in amino acid sequence due to natural allelic 
variation or mutagenesis. 
30 To determine the percent identity of two amino acid sequences or of two 

nucleic acids, the sequences are aligned for optimal comparison purposes (e.g., 
gaps can be introduced in the sequence of a first amino acid or nucleic acid 
sequence for optimal alignment with a second amino or nucleic acid sequence). 
The amino acid residues or nucleotides at corresponding amino acid positions or 
35 nucleotide positions are then compared. When a position in the first sequence is 
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occupied by the same amino acid residue or nucleotide as the corresponding 
position in the second sequence, then the molecules are identical at that position. 
The percent identity between the two sequences is a function of the number of 
identical positions shared by the sequence? (i.e., % identity = # of identical 
positions/total # of positions (e.g., overlapping positions) x 100). In one 
embodiment the two sequences are the same length. 

The determination of percent identity between two sequences can be 
accomplished using a mathematical algorithm. A preferred, non-limiting 
example of a mathematical algorithm utilized for the comparison of two 
sequences is the algorithm of Karlin and Altschul (1990) Proc. Natl Acad. Set 
USA 87:2264-2268, modified as in Karlin and Altschul (1993) Proc. Natl Acad 
Set USA 90:5873-5877. Such an algorithm is incorporated into the NBLAST 
and XBLAST programs of Altschul, et al. (1990X4 Mol Biol 215:403-410. 
BLAST nucleotide searches can be performed with the NBLAST program, score 
- 100, wordlength = 12 to obtain nucleotide sequences homologous to a nucleic 
acid molecules of the invention. BLAST protein searches can be performed with 
the XBLAST program, score » 50, wordlength - 3 to obtain amino acid 
sequences homologous to a protein molecules of the invention. To obtain gapped 
alignments for comparison purposes, Gapped BLAST can be utilized as described 
in Altschul et al. (1997) Nucleic Acids Res. 25:3389^3402. Alternatively, PSI* 
Blast can be used to perform an iterated search which detects distant relationships 
between molecules. Id. When utilizing BLAST, Gapped BLAST, and PSI-Blast 
programs, the default parameters of the respective programs (e.g;, XBLAST arid 
NBLAST) can be used. See http://www.ncbi Jilm.nih.gov. Another preferred, 
non-limiting example of a mathematical algorithm utilized for the comparison of 
sequences is the algorithm of Myers and Miller, (1988) CABIOS 4:1 1-17, Such 
an algorithm is incorporated into the ALIGN program (version 2.0) which is part 
of the GCG sequence alignment software package. When utilizing the ALIGN 
program for comparing amino acid sequences, a PAM120 weight residue table, a 
gap length penalty of 12, and a gap penalty of 4 can be used. 

The percent identity between two sequences can be determined using 
techniques similar to those described above, with or without allowing gaps. In 
calculating percent identity, only exact matches are counted. 

The invention also provides chimeric or fusion proteins. As used herein, a 
"chimeric protein" or "fusion protein" comprises all or part (preferably 
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biologically active) of a polypeptide of the invention operably linked to a 
heterologous polypeptide (i.e„ a polypeptide other than the same poiyj^ptide of 
the invention): Within the fusion protein, the teirm "operably linkoT' is intended 
to indt6afcS tHat the polypeptide of the invention and the heterologous ^l^ptide 
5 J are fused in^fi^me to each bther. The* heterologies pb^j^ti&i^'te'fusd'tD 
the N-terminus or C-termihus of the polypeptide of the invention. ^ • r A f 
One Useful fusion protein is a GST fusion protein in whibhthe polypeptide of the 
invention is fiised to the C-temiihiis of GST sequences: Stich fusion proteins can 
i: facilitate the purification 6f a recombinant polypeptide of the irivehtira. 1 

0 In another embodiment, the fusion protem contains a heterologous si^ial 
sequence at its N-terminus. For example, thenative signal sequence of a 
polypeptide of the invention can be removed aiid placed with a si^ialkequCTce 
from another protein. For example, the gp67 secretory sequence 6f the ' 
baculoviru* envelope prbtein can be used as a heterologous si^haliajuehce 

5 (Ctin^P^i6&ls WASle<^^ Biology^ AxxshM et all, ec&, Jolm Wi%& 
^S6hspl9$2). 0&^ 1 
* iiicliidellie ^ humaii plk&iital alkalme 

phosphate (Stratagehe; li Jolla; Califbriiia). In y£t another e^^le^iisefiil 
prokaryotic h&^lbgbiis si^ phbA i^td^sigiial 

) (Sambroblceral.; supra) tod the protein^ j^eci^ 

< Piscataway, New Jersey)/ — 1 i • h , t; r - 

In yet another embodiment, the fiisiori protein is an ^^ immurioglbbulin fusion 
protein in which all or part of a polypeptide of the invention is fused to s&juen6es 
derived from a member of the immunoglobulin protein faniilyJ' the 
» immunoglobulin fusion proteins of the invention can be incorporated into 
pharmaceutical 1 compositions and'administered to a subject to inhibit an 
interaction between a ligahd (soluble or membrane-bbiihd) airid a protein on the 
surface of a cell (receptor), to thereby suppress signal transduction in vivo: The 
immunoglobulin fusion protein can be used to affect the bioavailability of a 

1 cognate ligand of a polypeptide of the invention] Inhibition of ligand/receptor 
interaction may be useful therapeutically, both for treating proliferative and 
differentiative disorders and for modulating (e.g. promoting or inhibiting) cell 
survival. Moreover, the immunoglobulin fusion proteins of the invention can be 
used as immunogens*to produce antibodies directed against a polypeptide of the 
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invention in a subject, to purify ligands and in screening assays to identify 
molecules which inhibit the interaction of receptors with ligands. 

Chimeric and fusion proteins of the invention can be produced by standard 
recombinant DNA techniques. In another embodiment, the fusion gene can be 
synthesized by conventional techniques including automated DNA synthesizers. 
Alternatively, PCR amplification of gene fragments can be carried out using 
anchor primers which give rise to complementary overhangs between two 
consecutive gene fragments which can subsequently be annealed and reamplified 
to generate a chimeric gene sequence (see, e.g., Ausubel et aU supra). Moreover, 
many expression vectors are commercially available that already encode a fusion 
moiety (e.g., a GST polypeptide). A nucleic acid encoding a polypeptide of the 
invention can be cloned into such an expression vector sych that the fusion 
moiety is linked in-frame to the polypeptide of the invention. 

A signal sequence of a polypeptide of the invention (SEQ ID NO:14) can be 
used to facilitate secretion and isolation of the secreted protein or other proteins 
of interest. Signal sequences are typically characterized by a core of hydrophobic 
amino acids which are generally cleaved from the mature protein during secretion 
in one or more cleavage events. Such signal peptides contain processing sites 
that allow cleavage of the signal sequence from the mature proteins as they pass 
through the secretory pathway. Thus, the invention pertains to the described 
polypeptides having a signal sequence, as well as to the signal sequence itself and 
to the polypeptide in the absence of the signal sequence (i.e., the cleavage j 
products). In one embodiment, a nucleic acid sequence encoding a signal 
sequence of the invention can be operably linked in.an expression vector to a 
protein of interest, such as a protein which is ordinarily not secreted or is 
otherwise difficult to isolate. The signal sequence directs secretion of the protein, 
such as from a eukaryotic host into which the expression vector is transformed, 
and the signal sequence is subsequently or concurrently cleaved. The protein can 
then be readily purified from the extracellular medium by art recognized 
methods. Alternatively, the signal sequence can be linked to the protein of 
interest using a sequence which facilitates purification, such as with a GST 
domain. 

In another embodiment, the signal sequences of the present invention can be 
used to identify regulatory sequences, e.g., promoters, enhancers, repressors. 
Since signal sequences are the most amino-terminal sequences of a peptide, it is 
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expected that the nucleic acidis which iBank the signal sequence on its amino- 
terminal side will be regulatoiy sequences Which affect transcription. Thui a 
nucleotide sequence which encodes all or a portion of a signal sequence can Be 
> used as a probe to identify ^ : 

5 regions, and these flanking regions can be studied to identify regulatory elements 
therein, -Wi.-v'* .-h ?*. • ■ , • 1 \ -..v— - : ' 

-nlfte present invention also pertains to variants of the polypeptides of the 
invention; Such variants have an altered amino acid sequence whictfcah function 
;as either agonists (mimetics) or as antagonists.' Variants can be generated by 
10" mutagenesis; e.g.. discrete point mutation or truncation. An agdniist can retain 
substantially the same, '6r a subset, of the 1 biological activities of the natuiidly 
occurring form of the protein. 1 An antagonist bfi protein can inhibit one or more 
of the activities of the naturally occurring form of the protein by, for example, 
competitively binding to a downstream* or upstream member of a cellular 
15 signaling cascade which includes tiie protein of inter^i fhu^ specific biblogical 
effects canbe elicited by treatment with a variant of limits fuhctidn. treatment 
ofastityec* withal :i 
naturally occurring form of the protein can have fewer side effecteih a subj^ct 
relative to treatment with the naturally occurring fonn of the prot^in.^ 
20 v ■ Variants of a protein of the invention which function Neither agonists 
(mimetics) or as antagonists can be identified by screening combinatorial 
libraries of mutants, e.g;, truncation mutants, of tfie protein of the invention for 
agonist oKantagonist activity/' In one embodiment a variegated library of 
variants is generated by combinatorial mutagenesis at the nucleic acid level and is 
25 encoded by a variegated gene library. A variegated library of variants can be 
produced by, for example, enzymatically ligating a mixture of synthetic 
oligonucleotides into gene sequences such that a degenerate set of potential 
protein sequences is expressible as individual polypeptides, or alternatively, as a 
set of larger fusion proteins (e.g., for phage display). There are a variety of 
30 * methods which can boused to produce libraries of potential variants of the 
polypeptides of the invention from a degenerate oligonucleotide sequence. 
Methods for synthesizing degenerate oligonucleotides are known in the art (see, 
e.g., Narang (1983) Tetrahedron 39:3; Itakura et a!/'(1984)iM Rev, Biochefn. 
53:323; Itakuraetal. (1984) Science 198:1056; Ikeet al. (1983) Nucleic Acid 
35 Res. 11:477). 
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In addition, libraries of fragments of the coding sequence of a polypeptide of 
the invention can be used to generate a variegated population of polypeptides for 
screening and subsequent selection of variants. For example, a library of coding 
sequence fragments can be generated by treating a double stranded PCR fragment 
5 of the coding sequence of interest with a nuclease under conditions wherein 
nicking occurs only about once per molecule, denaturing the double stranded 
DNA, renaturing the DNA to form double stranded DNA which can include 
sense/antisense pairs from different nicked products, removing single stranded 
portions from reformed duplexes by treatment with SI nuclease, and ligating the 
10 resulting fragment library into an expression vector. By this method, an 
expression library can be derived which encodes N-terminal and internal 
fragments of various sizes of the protein of interest. 

Several techniques,are known in the art for screening gene products of 
combinatorial libraries made by point mutations or truncation, and for screening 
15 cDNA libraries for gene products having a selected property. The most widely 
used techniques, which are amenable to high through-put analysis, for screening 
large gene libraries typically include cloning the gene library into replicable 
expression vectors, transforming appropriate ceils with the resulting library of 
vectors, and expressing the combinatorial genes under conditions in which 
20 detection of a desired activity facilitates illation of the vector encoding the gene 
whose product was detected. Recursive ensemble mutagenesis (REM), a 
technique which enhances the frequency of functional mutants in the libraries, 
can be used in combination with the screening assays to identify variants of a 
protein of the invention (Arkin and Yourvan (1992) Proc. Natl. Acad. Sci. USA 
25 59:7811-7815; Delgrave et al. (1993) Protein Engineering 6(3):327-331). 

An isolated polypeptide of the invention, or a fragment thereof, can be used 
as an immunogen to generate antibodies using standard techniques for polyclonal 
and monoclonal antibody preparation. The full-length polypeptide or protein can 
be used or, alternatively, the invention provides antigenic peptide fragments for 
30 use as immunogens. The antigenic peptide of a protein of the invention 

comprises at least 8 (preferably 10, 15, 20, or 30) amino acid residues of the 
amino acid sequence of SEQ ID NO:2, 5 or 8, and encompasses an epitope of the 
protein such that an antibody raised against the peptide forms a specific immune 
complex with the protein. 
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ftefemid epitopes ehcomp asked by the antigenic peptide arie regions that are 
located oh the surface of the protein, e.g., hydrophilic regions. Figures 2, 4 and 6 
are hydfophobicity plots of the ptoteins of the invention. These plots or similar 
analyses can be used to identity hydrophilic regions/ 
5 An immunogeto typically is used to prepare antibodies by immunizing a 

suitable subject, (e.g., rabbit, goat, mouse or other mammal). Art appropriate " 
immunogenic 1 preparation can contain, for example, recombinantly expressed or 
chemically synthesized poiyi)ef&de. The preparation can farther include an 
adjuvant, such as Freund's complete or incomplete adjuvant or similar r z 
10 immunostimulatory agent 

Acxordirigiy/another ^asjsed of the invention pertains to antibodies directed 
against a polypq)tide of the invention; iWteirm "antibody" ab used herein rbfers 
to immunoglobulin molecules and immunologically active portions 6f 
immunoglobulin lilbleciiles; i.e., molecules that cohtaih ah antigen binding ^ite 

1 5 which Specifically binBs &%tigeh; suchas a polypeptide of the invention. A 
molecule which ^^ specifically binds to^given^ of the invention is a 

moleculerwhich bmcls tKe polypeptide; but do^hdt^bstantijajly bind other 
molecules in a samplere;g; a biological ^ple, which naturally coritains the 
polypeptide: Examples of immunologically active portions ^of immunoglobulin 

20 modules include F(ab) arid F(ab% Mgnierits which can be generated by treatihg 
the antibody with an enzyme; such as pepsin. The invention provides polyclonal 
and mohoclbrial antibodies. The term "monoclonal antibody" or "monbcional 
antibody composition", as' used herein, refers to a population of antibody * 
molecules that contain only one species of an antigen binding site capable of 

25 immunoreacting with a particular epitope: 

Polyclonal antibodies cati be prepared as described above by immunizing a 
suitable subject with a polypeptide of the invention as an immunogen. The 
antibody titer in the immunized subject can be monitored over time by standard 
techniques, such as with ah enzyme linked immunosorbent assay (ELISA) using 

30 immobilized polypeptide. If desired, the antibody molecules can Be isolated from 
the mammal (e.g., from the blood) and further purified by well-known 
techniques, such as protein A chromatography to obtain the IgG fraction. At an 
appropriate time after immunization,' e.g., when the specific antibody titers are 
highest, antibody-producing cells can be obtained from the subject and used to 

35 prepare monoclonal antibodies by standard techniques, such as the hybridoma 
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technique originally described by Kohler and Milstein (1975) Nature 256:495- 
497 the human B cell hybridoma technique (Kozbor et al. (1983) Immunol. 
Today 4-72), the EBV-hybridoma technique (Cole et al. (1985), Monoclonal 
Antibodies and Cancer Therapy, Alan R. Liss, Inc. pp. 77-96) or trioma 
techniques. The technology for producing hybridomas is well known (see 
generally Current Protocols in Immunology (1994) Coligan et al. (eds.) John 
Wiley & Sons, Inc., New York, NY). Hybridoma cells producing a monoclonal 
antibody of the invention are detected by screening the hybridoma culture 
supernatants for antibodies that bind the polypeptide of interest, e.g., using a 

standard ELISA assay. 

Alternative to preparing monoclonal antibody-secreting hybridomas, a 

monoclonal antibody directed against a polypeptide of the invention can be 
identified and isolated by screening a recombinant combinatorial 
immunoglobulin library (e.g., an antibody phage display library) with the ^ 
polypeptide of interest Kits for generating and screening phage dtsplay hbranes 
are commercially available (e.g., the Pharmacia Recombinant Phage Anybody 
System, Catalog No. 27-9400-01; and the StratageneS^^geD^ 
Kit, Catalog No. 240612). Additionally, examples of methods and ragents^ 
particularly amenable for use in generating and screening aim y isp ay i rary 
can be found in, for example, U.S. Patent No. 5,223.409; ; PCT Publication Na 
WO 92/18619; PCT Publication No. WO 91/17271; PCT Publication No. WO 
92/20791; PCT Publication No. WO 92/15679; PCT Publication No, WO 
93/01288; PCT Publication No. WO 92/0 1047; PCT Publication No, WO 
92/09690; PCT Publication No. WO 90/02809; Fuchs et al. (1991) 
Biotechnology 9:1370-1372; Hay et al. (1992) Hum. ^f^^T' 
85; Huse et al. (1989) Science 246:1275-1281; Griffiths et al. (1993) EMBO J. 

12:725-734. . ju . ' 

Additionally, recombinant antibodies, such as chimeric and humanized 
monoclonal antibodies, comprising both human and non-human portions, which 
can be made using standard recombinant DNA techniques, are within the scope 
of the invention. Such chimeric and humanized monoclonal antibodies can be 
produced by recombinant DNA techniques known in the art, for example using 
methods described in PCT Publication No. WO 87/0267 1 ; European Patent 
Application 184,187; European Patent Application 171,496; European Patent 
Application 173,494; PCT Publication No. WO 86/01533;U.S. Patent No. 
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4*816,567; European Patent Application 125,023; Better etal. (1988) Sciefxe 
240:1041-1043; Liu etal. (19S7) Proc: Natl Acad ScL USA 84:3439-3443; Liu 
et al (1987) J> Immunol -13935214526; Sun et ai. (1987) \Proc. Natl. AcckscL 
USA 84314-218; Nishimura et al. (1987) eow. /fei;U7:999^10'6i5;'W<^'et al. 
5 (1985) Nature 3 14:446-449; arid Shaw et al. (1988) J. Natl, Caricerfhst 

80:1553-1559frMdrn2K>n^ s 
Bio/Techniques 4:214; U.S. Patent 5,225^539; Jones et al. (1986) Nature 321:552- 
525; Verhc^yari et al. (1988) Science 239H534; WBeidleret-al: 4 (1988) J: : ' 
/mmuno/j : 141:4053^4060. 1 
10 Completely hiimto antibodies arc particularly desirable for therapeutic: 

treatment off human patients; Such antibbdies can Be produced lisingi transgenic 
mice which are incapable of expressing endogenous immunoglobulin h^vy and 
light chains genes, 1 but which can express human heavy and li£ht chain genes. 
!i The transgenic^ mice are immunized in the normal fashion with a selected Antigen, 
15 i all or a j^rtion bf a polypeptide of the invent ion, Monoclonal antibo&es 
directed against the ahtigisn can Be obtained using conventional hybridonia 
technology. The human immunoglobulin trahsgeries harbored by the transgenic 
mice rearrange during B cell differentiatiorii ^ and subsbqubntly undergo cl^ss 
switching arid somatic mutation. Thu^ it is possible to 

20 produce therapeutically utseful IgG,IgA antfig^ antil^dies. For an' overview of 
this technology for producing human antibodies; see Lbnberg arid Huszar (1995, 
Int. Rev. Immunol 13:65-93). For a detailed discussion of tiiis tecHKolo^ f f6r 5 
producing human ahtibodieis and human monoclonal iantibodies and protocols for 
producing such antibodies, see; e.g., U.S. Patent 5,625, 126; U.S. Patent 5 
15 5,633,425; UvS. Patent 5,569,825; UlS. Patent 5,661,016; and U.S. Patent 

5,545,806. In addition, companies such as Abgenix, Inc. (Freemont, CA), can be 
engaged to provide human antibodies directed against a selected antigen using 
technology similar to that described above. 

Completely human antibodies which recognize a selected epitope can be 
JO generated using a technique referred to as "guided selection;" In this approach a 
selected non-human monoclonal antibody, e.g., a murine antibody, is used to 
guide the selection of a completely human antibody recognizing the same 
epitope. (Jespers et al. (1 994) Bio/technology 1 2:899-903). * 

Ah antibody directed against a polypeptide of the invention (e.g., monoclonal 
5 antibody) can be used to isolate the polypeptide by standard techniques, such as 
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affinity chromatography or immunoprecipitation. Moreover, such an antibody 
can be used to detect the protein (e.g., in a cellular lysate or cell supernatant) in 
order to evaluate the abundance and pattern of expression of the polypeptide. 
The antibodies can also be used diagnostically to monitor protein levels in tissue 
5 as part of a clinical testing procedure, e.g, to, for example, determine the efficacy 
of a given treatment regimen. Detection can be facilitated by coupling the 
antibodytoadetectablesubstance. Examples of detectable substances include 
various enzymes, prosthetic groups, fluorescent materials, luminescent materials, 
bioluminescent materials, and radioactive materials. Examples of suitable. 
10 enzymes include horseradish peroxidase, alkaline phosphatase, fcgalactosidase, 
or acetylcholinesterase; examples of suitable prosthetic group complexes include 
streptaviduVbiotin and avidin/biotin; examples of suitable fluorescent materials 
include umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamme, 
dichlorotriazinylamine fluorescein, dansyl chloride or phycperythrin; an example 
15 of a luminescent material includes luminol; examples of bioluminescert materials 
include luciferase, luciferin, and aequorin, and examples of suitable radioacnve 
material include 125 l, ,3, I, 35 S,or 3 H. 

Further, an antibody (or fragment thereof) may be conjugated toa 
therapeutic moiety such as a cytotoxin, a therapeutic agent or a radioactive metal 
20 ion. Acytotoxinor^toxicagentmcludes.anyagentmatisd 

Examples include taxol cytochalasin B, gramicidin D. ethidium bromide, 
emetine, mitomycin, etoposide, tenoppside, vincristine, vinblastine, colchicm, 
doxorubicin, daunorubicin, dihydroxy anthracin dione, mitoxantrone, 
mithramycin, actinomycin D, l^ehydrotestosterone, glucocorticoids, procame, 
25 tetracaine, lidocaine, propranolol, and puromycin and analogs or homologs 

thereof. Therapeutic agents include, but are not limited to, antimetabolrtes (e.g., 
methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5,fluorouracil 
decarbazine), alkylating agents m< ~ nn 
(e.g., mechlorethamine, thioepa chlorambucil, melphalan, carmustine (BSNU) 
30 and lomustine (CCNU), cyclothosphamide, busulfan, dibromomannitol, 

streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (II) (DDP) 
cisplatin), anthracyclines (e.g., daunorubicin (formerly daunomycin) and 
doxorubicin), antibiotics (e.g., dactinomycin (formerly actinomycin), bleomycin, 
mithramycin, and anthramycin (AMQ), and anti-mitotic agents (e.g., vmcnstme 
35 and vinblastine). 
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The conjugates of the invention can be used iTor modifying a given biological 
response. The drug moiety is not to be construed as limited to classical chemical 
therapeutic agents. For example, the drug moiety may be a protein or 
polypeptide possessing a desired biological activity^ Such plains hi^incliide, 
for exainple, a toxin such as abnh, ricin A, pseudomonas exotoxin, or diphtheria 
toxin; a protein such as tumor necrosis factor, a-int^eron, ^interferon, nerve 
growth factor, platelet derived growth factor, tissue plasminogen activaton or, 
biological response modifiers such ai for example, lymphokines, interieukih-i 
(IL^l), ihferieukin-2 (IL-2), iriterleukiri-6 (IL^), granulocyte macrophage colony 
stimulating factor (GM-CSF), granulocyte^ (G^SF), pr 

other factors. °- : ' lhs • 

Techniques for conjugating such therapeutic moiety to ahiibodies are well 
known, 7 see, e.g., Artori et al., "Monoclonal Antiboclies for Immunotargeting of 
Drugs in Cancer Therapy", in Monoclonal Antibodies and Cancer Therapy, 
15 Reisfeld^ 

"Ariti&bdies for Drug Deliwry", in Contra 

Robinson et al.(eds.), pp. 623-53 parcel Deidcer, Inc? 1987); Thorpe, "Antibody 
(here of Cytotoxic Agents in Cancer Therapy: A Review"; iii Monoclonal 
Antibodies '84: BiblogicaJ and C^i^Apipli^o^ Krichera^i" ^^pp, 
20 475-506 (1985); "Analysis, Results, and Future i^s^tive^ 

Use of Radiolabeled Antibody In Cancer Therapy", in Moriwional A^bbdi^s for 
Cancer Detection and Therapy, Baldwin et aL Ceds ), pp. 303-i6 (:Academic Press 
1985), and Thorpe et al., "The Preparation and Cytotoxic Properties of Antibody- 
Toxin Conjugates", Immuhbi. Rev M 62: 1 19-58 (1982)' : Alternatively, an antibody 
25 can be'corijugated to a second antibody to form aii antibo&y iteteroconjugate as 
described by Segal in US. Patent No. 4,676,980. - 

In addition, antibodies of the invention, either conjugated or not conjugated 
to'a therapeutic moiety, can be administered together or in combination with a 
therapeutic moiety such as a cytbtoxin, a therapeutic agent or a radioactive metal 
30 ion. The order of administration of the antibody and therapeutic moiety can 
vary. For example, in some embodiments, the antibody is administered 
concurrently (through the same or different delivery devices, e.g^ syringes) with 
the therapeutic moiety. Alternatively, the antibody can be administered 
separately and prior to the therapeutic moiety. Still alternatively, the therapeutic 
35 moiety is administered separately and prior to the antibody. In many 
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embodiments, these administration regimens will be continued for days, months 
or years. 

ITT R^omhinant Fxpression V ectors and Host Cells . 

5 Another aspect of the in vention pertains to vectors, preferably expression 

vectors, containing a nucleic acid encoding a polypeptide of the invention (or a 
portion thereof). As used herein, the term "vector" refers to a nucleic acid 
molecule capable of transporting another nucleic acid to which it has been linked. 
One type of vector is a "plasmid", which refers to a circular double stranded 

10 DNA loop into which additional DNA segments can be Hgated. Another type of 
vector is a viral vector, wherein additional DNA segments can be ligated into the 
viral genome. Certain vectors are capable of autonomous replication in ahost 
cell into which they are introduced (e.g., bacterial vectors having a bacterial 
origin of replication and episomal mammalian vectors). Other vectors (e.g., non- 

15 episomal mammalian vectors) are integrated into the genome of a host cell upon 
introduction into the host cell, and thereby are replicated along with the host 
genome: Moreover, certain vectors, expression vectors, are capable of directing 
the expression of genes to which they are operably linked. In general, expression 
vectors of utility in recombinant DNA techniques are often in the form of 

20 plasmids (vectors). However, the invention is intended to include such other 
forms of expression vectors, such as viral vectors (e.g., replication defective 
retroviruses, adenoviruses and adeno-associated viruses), which serve equivalent 

functions. . , . . . 

The recombinant expression vectors of the invention comprise a nucleic acid 
25 of the invention in a form suitable for expression of the nucleic acid in a host cell. 
This means that the recombinant expression vectors include one or more 
regulatory sequences, selected on the basis of the host cells to be used for 
expression, which is operably linked to the nucleic acid sequence to be expressed. 
Within a recombinant expression vector, "operably linked" is intended to mean 

30 that the nucleotide sequence of interest is linked to the regulatory sequenced) ,n a 
manner which allows for expression of the nucleotide sequence (e.g., in an m 
vitro transcription/translation system or in a host cell when the vector is 
introduced into the host cell). The term "regulatory sequence" is intended to 
include promoters, enhancers and other expression control elements (e.g., 

35 polyadenylation signals). Such regulatory sequences are described, for example, 
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in Goeddel; Gene Expression Technology: Methods in Emymology 1&5, 
Academic Press, Sah Diego, CA (1 990). Regulatory sequences include those 
which direct constitutive expression of a nucleotide sequence in many types of 
host cell and those which dirertexpressionof the micleotlde sequence only in 
certom host cells (e.g;, tissue^ecific regulatoiy se4i&ao&]L It will "be" 

deperid ; on such factors as the choice of the host cell to i'be transformed; the level 
of expression of protein desired, etc. The expression vectors of we invention can 
be introduced into host cells to thereby produce proteins or' peptides, including 
fusion proteins or peptides, encoded by nucleic acids as described herein. 
The ^ recombinant "expression vectors ofme invention can be de^ignSlfor 
^expression of a polypeptide of -the invention in ^ prokaryOtic(e.g^£ cbtiyot '' 
eukarydtic eells'(e.g i ; insect cells (using baculovirus expression vectors), yeast 
cells or mammalian celIs).-Smtablehost cells are discussed further in Coeddei; 
15 ' ^^'lfo^U^ t ^itK»MSia^ expression vector cm be transcribed and 
translated m vitro- ' for example using T7 promoter regtiiafo^^queflce^ ahd T7 
polymerase. : "'' -I.-. ■ ; s- ■•«<••?-:.•. 

•^Expression of proteins in prokaryotes is most oftih carried but in R coli with 
vectors containing constitutive or inducible promoters directmg tt^exirtession of 
20 either ^number of aniiho acids 

to a protein encoded therein, usually to the amuib terminus of the' recombinant 
protein. Such fusion vectors typicaily serve three purposes:'!) to increase ' 
expression of recombinant protein; 2) to increase the solubility of the 
recombinant protein; and 3) to aid in the purification of the recombinant protein 
25 by acting as a ligand in affinity purification. Often, in fusion expression vectors, 
a proteolytic cleavage site is introduced at the junction of the fusion moiety and 
the recombinant protein to enable separation of the recombinant protein from the 
fusion moiety subsequent to purification of the fusion protein. Such enzymes, 
and their cognate "recognition sequences, include Factor Xa, thrombin and 
30 enterokinase. Typical fusion expression vectors include pGEX (Pharmacia 

Biotech Ihc; Smith and Johnson (1988) Gene 67:3M0), pMAL (New England 
Biolabs, Beverly, MA) and pRIT5 (Pharmacia, Piscataway, NJ) which fuse 
glutathione S-transferase (GST), maltose E binding protein, or protein A, 
respectively, to the target recombinant protein. 
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Examples of suitable inducible non-fusion K expression vectors include 
pTrc (Amannet al.. (1988) Gene 69:301-315) and pET lid (Studier et ^Qmrn 
Expression Technology: Methods in Emymology 185, Academic Press, San 
Diego, California (1990) 60-89). Target gene expression from.the pTrc, vector 
5 reUesonhostRNApolymerasetranscriptionfrom 

" promoter. Target gene expression from the pET 1 Id vector relies on transcription 
from a T7 gnlO-lac fusion promoter mediated by a coexpressed viral RNA 
polymerase (T7 gnl). This viral polymerase is supplied by host strains^ 
BL21(DE3) or HMS174(DE3) from a resident A prophage harboring a T7 gnl 
10 geneundermetranscriptionalcontrolofmelacUVSp 

One strategy to maximize recombinant protein expression ,n E. cph is to 
express the protein in a host bacteria with an impaired capacity to proteolyucally 
cleave the recombinant protom (Gottesman, G^ 
Methods in Enzymology 185, Academic Press, San Diego, Cahforma (1990) 1 19- 
15 128). Another strategy is to alter the nucleic acid sequence ofthenuclcc acd to 
" bemsenedmtoanexpressionv^rsothatme^ 

acid are those preferentially utilized in £. cc//(Wadaetal. (1992)^^ 
Res 20-2111-2118), Such alteration of nucleic acid sequences of the invention 
can be carried out by standard DNA synthesis techniques. 
20 faanomerembodimenvme^^^ 

Examples of vectors for expression in yeast S. cemisae include pYepSecl 
(Baldari et al. (1987) EMBO J. 6229-234), pMFa (Kurjan and Herskowitz, 
(1982) Cell 30:933-943), pJRY88 (Schultz et al. (1987) Gene 54:1 13-12?), 
pYES2 (invitrogen Corporation, San Diego, CA), and P PicZ (Invitrogen Corp, 

25 San Diego, CA). , 

Alternatively, the expression vector is a baculovirus expression vector. 
Baculovirus vectors available for expression of proteins in cultured insert .cells 
(eg. Sf9 cells) include the pAc series (Smith etal. (1983) Mol CellBiol 
3:2156-2165) and the pVL series (Lucklow and Summers (1989) Virology 

30 170:31-39). . . .. 

In yet another embodiment, a nucleic acid of the invention is expressed in 
mammalian cells using a mammalian expression vector. Examples of ^ 
mammalian expression vectors include pCDM8 (Seed (1987) Nature 329.840) 
and pMT2PC (Kaufman et al. (1987) EMBO J. 6:187-195). When used in 

35 mammalian cells, the expression vector's control functions are often P rov,ded by 
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viral regulatory elements. For exampleVcommohly vised promoters are derived 
from polyoma; Adenovirus £ cytomegalovirus and Simian Virus 40. For other 
suitable expression systems for both proi^otic and ^ 
16 and 1 7 of Sambrook et al., supra. ,i? ;c 

In another embodiment, thcs recombinant "marnmalian expression vector is 
capable of directing expression of the nucleic acid preferenWlly a particular 
cell type (e.gl, tissue-specific regulatory elentents are used* to express the nucleic 
acid).- Tissue-specific regulatory elemerits'are knowiiin the art, Noh-iimiting 
examples of suitable tissue^speciflc promoters mclude the albumin promoter 
■- (liver-specific; Pinkert et al. (1 987) GenesDirvl' 1:268^277)1 lymphoid-sp^cific 
promoters (Calame and Eaton (MsfM. MiS^^ih^BjS^a'ia&& 
promoters of t cell-receptors (Winoto : lui^l^tfitittamv <I9i^^l&rWeB^y '^:^2SK-733> 
and immunoglobulins (Banerji et al. (1983) Cell 33:729-^40; Queen and ' 
Baltimore (1983) Cell 33:741-748), nWroW-specific promoters^ 
• neurofilament promoter, Byrne and Ruddte (1989) Pfitc^Uatl. AcactScLUSA 
86:5473-5477), pancreas-specific promoters (Edlund et al. (l9i5i Science 
230:912-916), and mammary gland-specific promoter^ (eg.; milk whey 
promoter; U.S. Patent Nol 4,873,3 1 6 WdEiwopeanA^ 
264,166). DevelopmentaUy-regiilated promoters ire also ehwmpassed, for 
example the murine hox promoters (Kessel and Grass (1 990) Science 249:374- 
379) and the a-fetoprotein promoter (Campes and Tilghman (1989) Genes Dev. 
3:537-546). ■ ,; ■■■■y^--: 

: The invention further provides a recombinant expression vector comprising a 
DNA molecule of the invention cloned into the expression vector in an antisense 
orientation. That is, the DNA molecule is opferably linked to a regulatory 
sequence iira manner which allows for expression (by transcription of the DNA 
molecule) of ah RNA molecule which is antisehseto the mRNA encoding a 
polypeptide of die invention. Regulatory sequences operably linked to a nucleic 
acid cloned in the antisense orientation can be chosen which direct the continuous 
expression of the antisense RNA molecule in a variety of cell types, for instance 
viral promoters and/or enhancers, or regulatory sequences can be chosen which 
direct constitutive, tissue specific or cell type specific expression of antisense 
RNA. The antisense expression vector can be in the form of a recombinant 
plasmid, pHagemid or attenuated virus in which antisense nucleic acids are 
produced under the control of a high efficiency regulatory region, the activity of 
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which can be determined by the cell type into which the vector is introduced. For 
a discussion of the regulation of gene expression using antisense genes see 
Weintraub et aL (Reviews - Trends in Genetics, Vol. 1(1) 1986). 
Another aspect of the invention pertains to host cells into which a 
5 recombinant expression vector of the invention has been introduced. The terms 
"host cell" and "recombinant host ceH" are used, interchangeably herein. It is 
understood that such terms refer not only to the particular subject cell but to the 
progeny or potential progeny of such a cell. Because certain modifications may 
occur in succeeding generations due to either mutation or environmental 
10 influences, such progeny may not, in fact, be identical to the parent cell, but are 
still included within the sicope of the term as used herein. 

A host cell can be any prpkaryotic (e.g., E. colt) or eukaryotic cell (e.g., 
insect cells, yeast or mammalian cells). 

Vector DNA can be introduced into prokaryotic or eukaryotic cells via 
15 conventional transformation or transfection techniques. As used herein, the terms 
"transformation" and "transfection" are intended to refer to a variety of art- 
recognized techniques for introducing foreign nucleic acid into a host cell, 
including calcium phosphate or calcium chloride co-precipitation, DEAE- 
dextran-mediated transfection, lipofection, or electroporation. Suitable methods 
20 for transforming or transfecting host cells can be found in Sambrook, et al. 
(supra), and other laboratory manuals. 

For stable transfection of mammalian cells, it is known that, depending upon 
the expression vector and transfection technique used, only a small fraction of 
cells may integrate the foreign DNA into th^ir genome. In order to identify and 
25 select these integrants, a gene that encodes a selectable marker (e.g., for 

resistance to antibiotics) is generally introduced into the host cells along with the 
gene of interest. Preferred selectable markers include those which confer 
resistance to drugs, such as G418, hygromycin and methotrexate. Cells stably 
transfected with the introduced nucleic acid can be identified by drug selection 
30 (e.g., cells that have incorporated the selectable marker gene will survive, while 

the other cells die). 

A host cell of the invention, such as a prpkaryotic or eukaryotic host cell in 
culture, can be used to produce a polypeptide of the invention. Accordingly, the 
invention further provides methods for producing a polypeptide of the invention 
35 using the host cells of the invention. In one embodiment, the method comprises 
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culturing the host cell of invention (into which a recombinant expression vector 
encoding a polypeptide of the invention has b'eeii introduced) in a suitable 
medium such that the polypeptide is produced. In another embodiment, the 
method further comprises isolatihg the polypeptide from the medium or the host 

The host ceils of the invention c&i also be used to produce honhwnaii ' 
transgenic animals: For example, iri one embodiment, a host cell of the invention 
is a fertilized oocyte or an embryonic stem cell into which 'a seqiiertces encoding 
a polypeptide of the invention have been introduced. Such host ceils can then be 
used to create hon-human trmsgdiic animals in which exogenous sequences 
encoding a polypeptide of the invention have beeti introduced into their genome 
or homologous recombinant animals in which endogenous encoding a 
polypeptide of the invention sequences have been altered. Such animals are 
useful for studying the fiinbtion and/of activity of the polypeptide and for 
15 identifying andtor^ As used herein, 

a "transgenic animal" is a non-human ^iihalj preferably a mammal,' more 
preferably k rodent such as a rat or mouse, in which one of more of the cells of 
the animal includes a ^traosgehe. Othei^ex^ples oftra^gen^ 
hbh^Kumahpnms^ X 
20 transgene is exogenous DNA which is integrated into the genoine 6? a bell from 
which a transgenic auiimal develops arid which remains in the gefiorrie of the ' 
mature Mimai; thereby directing thefekpressiori of an encoded jjene product in 
one or more cell types or tissues of the transgenic ahimal. As used herein, an 
-"homologous recombinant animal" is d'noft-hiaman animal, preferably a mamnial, 
25 more preferably a mouse, in which an endogenous gene has been altered by 
homologous recombination between the endogenous gene and an exogenous 
DNA molecule introduced into a cell of the animal, e.g^, an embryonic cell of the 
animal, prior to development of the animal. 

A transgenic animal of the invention can be created by introducing nucleic 
30 acid encoding a polypeptide of the invention (or a homolbgue thereof) into the 
male pronuclei of a fertilized oocyte, e.g., by microinjection, retroviral infection, 
and allowing the oocyte to develop in a pseudopregnant female foster animal. 
Intronic sequences and polyadenylation signals can also be included in the 
transgene to increase the efficiency of expression of the transgene. A tissue- 
35 specific regulatory sequence^) can be operably I inked to the transgene to direct 
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expression of the polypeptide of the invention to particular cells. Methods for 
generating transgenic animals via embryo manipulation and microinjection, 
particularly animals such as mice, have become conventional in the art and are 
described, for example, in U.S. Patent NOS. 4,736,866 and 4,870,009, U.S. 

5 Patent No. 4,873,191 and in Hogan, Manipulating the Mouse Embryo, (Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1986). Similar 
methods are used for production of other transgenic animals. A transgenic 
founder animal can be identified based upon the presence of the transgene in its 
genome and/or expression ofmRNA encoding the transgene in tissues or cells of 

10 the animals. A transgenic founder animal can then be used to breed additional 
animals carrying the transgene. Moreover, transgenic animals carrying the 
transgene can further be bred to other transgenic animals carrying other 
transgenes. 

To create an homologous recombinant animal a vector is prepared which 

15 contains at least a portion of a gene encoding a polypeptide of the invention into 
which a deletion, addition or substitution has been introduced to thereby alter, 
e.g., functionally disrupt, the gene. In a preferred embodiment, the vector is 
designed such that, upon homologous recombination, the endogenous gene is 
functionally disrupted (i.e., no longer encodes a functional protein; also referred 

20 to as a "knock out" vector). Alternatively, the vector can be designed such mat, 
upon homologous recombination, the endogenous gene is mutated or otherwise 
altered but still encodes functional protein (e.g., the upstream regulatory region 
can be altered to thereby alter the expression of the endogenous protein). In the 
homologous recombination vector, the altered portion of the gene is flanked at its 

25 5' and 3' ends by additional nucleic acid of the gene to allow for homologous 

recombination to occur between the exogenous gene carried, by the vector and an 
endogenous gene in an embryonic stem cell. The additional flanking nucleic acid 
sequences are of sufficient length for successful homologous recombination with 
the endogenous gene. Typically, several kilobases of flanking DNA (both at the 

30 5' and 3* ends) are included in the vector (see, e.g., Thomas and Capecchi (1987) 
Cell 51:503 for a description of homologous recombination vectors). The vector 
is introduced into an embryonic stem cell line (e.g., by electroporation) and cells 
in which the introduced gene has homologously recombined with the endogenous 
gene are selected (see, e.g., Li et al. (1992) Cell 69:915). The selected cells are 
35 then injected into a blastocyst of an animal (e.g., a mouse) to form aggregation 
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chimeras (see; e g., Bradley in Teraiocarcinomas and Embryonic Stem Cells? A 
Practical Apprbach;^^ A 
chimeric embryo can theh Be implanted into a suitable ps^ud6pre^iant female 
foster animal and the embryo brought to term; Progeny haitorih^the ' ' 
5 honiblbgbiisly rebomibined DNA in their germ cells can be used to breed Animals 
in which all cells of the aniirial contain flie hdiriSlogbiisfy re&mbined DNA by 
germline transmission of the transgene. MetHods for conducting hbmoiogoiis 
recombination 'vectors and homologous recombinant animals are described 
further in Bradley (1991) Current Opinion in Bio/Technology ' 2:823-829 suid in 
10 PCT Publication NOS. WO 90/1 1354, WO 91/01 140, WO 92/0968, and WO 
93/04169. \ - ' • ■ ' ' -~ v f- v - ,; 

Irianbther embodiment, trains^ be produced 

which contain selected systems wh ich allow for regulated expression of the 
transgene; One example of such a system is the cre/ldxP r^<tobiha& ^stem of 
bacteriophage PI" For a desmption of t^ system^ see t 

; e;g^I^d«etal^^ AcMSci. t/A4 89:6232-6236 Anot^P 

example of a recbmbiiiase system is the FLP reaimbihase system of 
Sacchoromy^cerevisiae ((^Gorman et al. (\99 \) &ieifce 251:1351-1355. If a 
creAoxP rewmbinra system is used to regulate expression of thd tnui^enb, 
20 anim^ containing tirahsgenes encoding both the Cre recombihisb and a seated 
protein w r^uiredl Siidh animals can be provided through the construction oJf 
"double" transgenic animals, e.g., by mating two transgenic aniin^Is, one ; " 
containing a transgene encoding a sel^ctea protein and the other coiita imrig a 
transgene encoding ia recbmbiriase. 
25 Clones of the non-human transgenic animals described herein can also be * 

produced according to the methods described in Wiimut et al; (1997) Nature 
385:810-813 and PCT Publication NOS. WO 97/07668 and WO 97/07669. 



IV. Pharmaceutical Compositions f ~ 

The nucleic acid molecules, polypeptides, and antibodies (also referred to 
herein as "active compounds") of the invention can be incorporated into 
pharmaceutical compositions suitable for administration. Such compositions 
35 typically comprise the nucleic acid molecule, protein, or antibody and a 
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pharmaceutically acceptable carrier. As used herein the language 
"pharmaceutically acceptable carrier" is intended to include any and all solvents, 
dispersion media, coatings, antibacterial and antifungal agents, isotonic and 
absorption delaying agents, and the like, compatible with pharmaceutical 
5 administration. The use of such media and agents for pharmaceutically active 

substances is well known in the art Except insofar as any conventionalmedia or 
agent is incompatible with the active compound, use thereof in the compositions 
is contemplated. Supplementary active compounds can also be incorporated into 
the compositions. 

1 0 The invention includes methods for preparing pharmaceutical compositions 

for modulating the expression or activity of a polypeptide or nucleic acid of the 
invention. Such methods comprise formulating a pharmaceutically acceptable 
carrier with an agent which modulates; expression or activity of a polypeptide or 
nucleic acid of the invention. Such compositions canfurther include additional 

15 active agents. Thus, the invention further includes methods for preparing 

pharmaceutical composition by formulating a pharmaceutically acceptable carrier 
with an agent which modulates expression or activity of a polypeptide or nucleic 
acid of the invention and one or more addtional active compounds. 
A pharmaceutical composition of the invention is formulated to be 

20 compatible with its intended route of administration. Examples of routes of 
administration include parenteral, e.g., intravenous, intradermal, subcutaneous, 
oral (e.g., inhalation), transdermal (topical), transmucosal, and rectal 
administration. Solutions or suspensions used for parenteral, intradermal, or 
subcutaneous application can include the following components: a sterile diluent 

25 such as water for injection, saline solution, fixed oils, polyethylene glycols, 

glycerine, propylene glycol or other synthetic solvents; antibacterial agents such 
as benzyl alcohol or methyl parabens; antioxidants such as ascorbic acid or 
sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid; 
buffers such as acetates, citrates or phosphates and agents for the adjustment of 

30 tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or 

bases, such as hydrochloric acid or sodium hydroxide. The parenteral preparation 
can be enclosed in ampoules, disposable syringes or multiple dose vials made of 
glass or plastic. 

Pharmaceutical compositions suitable for injectable use include sterile 
35 aqueous solutions (where water soluble) or dispersions and sterile powders for 
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the extempbraneous preparation of sterile injectable solutions or dispersions. For 
intravenous administration, suitable carriers include physiological saline, 
bacteriostatid wter, Cremophor EL™ (BASF; Parsippany, NJ) or phosphate 
'tKitSiA'k^'^^ In all cases^ the coiripositibn must b^ sterile and should be 
5 fluid to the'extoit that easy syrin^ability exists. It must be stable under the 
"conditions storage and must be preserved^againsttiie ' 

cohtamihatihg action of microorganisms such as bacteria and fungi. The carrier 
be a solvent or dispereioh medium containing, for example, water, ethanoii 
poly6r(for exaniple, glycerol propylene glycol, and liquid potyetheyiehe gtycbl, 
10 and die like); an<i suitable mixtures tfiereof. The proper fluidity can be 
maintained, for example, by the use of a coating such as lecithin, by the 
mainteniari^^ iri the case of dispersion and by the use 

of surfactants.' I^reventibn of the action of microorganisms can be achieved by 
various antibacterial and antifungal agents, for example, parabens, chlorobuiaribl, 
15 phenol; ascorbic acid, thimerosal, arid the like. In many cases,' it will be 

prefeiiable to include isotonic agents, for example, sugars, polyalcbhois such as 
mannhblf sorbitol; sodium chloride in tlie composition: Prolonged absorption of 
the injectable cbnipositidns can be brought about by including in the Composition 
an" agent which delays absorption; for example, aluminum mbnostearate ahcl • f 
20 gelatin. • ! ^ 

Stenle'irijectable solutions can be prepared by incorporating the active 
compound (e.g., a polypeptide or antibody) in the required amount in an' ' 
appropriate solvent with one or a combination of ingredients enumerated above, 
as required, followed by filtered sterilization. Generally, dispersions are prepared 
25 by incorporating the active compound into a sterile vehicle which contains a 
bakic dispersion medium and the required other ingredients from those 
enumerated above. In the case of sterile powders for the preparation of sterile 
injectable solutions, the preferred methods of preparation are vacuum drying and 
freeze-diying which yields a powder of the active ingredient plus any additional 
30 desired ingredient from a previously sterile-filtered solution thereof. 

Oral compositions generally include an inert diluent or an edible carrier. 
They can be enclosed in gelatin capsules or compressed into tablets. For the 
purpose of oral therapeutic administration, the active compound can be 
incorporated with excipients and used in the form of tablets, troches, or capsules. 
$5 Oral compositions can also be prepared using a fluid carrier for use as a 
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mouthwash, wherein the compound in the fluid carrier is applied orally and 

wished and expectorated or swallowed. 

Pharmaceutical^ compatible binding agents, and/or adjuvant materials can 

be included as part of the composition. The tablets, pills, capsules, troches and 
5 the like can contain any of the following ingredients, or compounds of a similar 

nature: a binder such as macrocrystalline cellulose, gum tragacanth or gelatin; an 

excipient such as starch or lactose, a disintegrating agent such as alginic acid, 

Primogel, or corn starch; a lubricant such as magnesium stearate or Sterotes; a. 

glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or 
10 saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange 

flavoring. . . . 

For administration by inhalation, the compounds are delivered in the form of 
an aerosol spray from a pressurized container or dispenser which contains a 
suitable propellant, e.g., a gas such as carbon dioxide, or a nebulizer. 
1 5 Systemic administration can also be by transmucosal or transdermal means. 

For transmucosal or transdermal administratiqn, penetrants appropriate to the 
barrier to be permeated are used in the formulation. Such penetrants** 
generally known in the art, and include, for example, for transmucosal 
administration, detergents, bile salts, and fusidic acid derivatives. Transmucosal 
20 administration can be accomplished through the use of nasal sprays or 

suppositories. For transdermal administration, the active compounds are. 
formulated into ointments, salves, gels, or creams as generally known in the art. 

The compounds can also be prepared in the form of suppositories (e.g., with 
conventional suppository bases such as cocoa butter and other glycerides) or 
25 retention enemas for rectal delivery. 

In one embodiment, the active compounds are prepared with carriers that 
will protect the compound against rapid elimination from the body, such as a 
controlled release formulation, including implants and microencapsulated 
delivery systems. Biodegradable, biocompatible polymers can be used, such as 
30 ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen, 

polyorthoesters, and polylactic acid. Methods for preparation of such 
formulations will be apparent to those skilled in the art. The materials can also 
be obtained commercially from Alza Corporation and Nova Pharmaceuticals, Inc. 
Liposomal suspensions (including liposomes targeted to infected cells with 
35 monoclonal antibodies to viral antigens) can also be used as pharmaceutical* 
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acceptable carriers. These can be prepared according to methods known to those 
skilled in the art, for example, as descrifced'in U.S. Patent No. 4,522,81 1. 

It is especially advantageous to formulate oral or parenteral compositions in 
dosage unit form for ease of administration and uniformity of dosage. Dosage 
5 unit form as used herein refers to physically discrete units suited as unitary 
ddsages for the subject to be treated; each unit containing a predetermined 
quantity of active compound calculated to produce the desired therapeutic effect 
in association with the required pharmaceutical carrier. The specification for the 
dosage unit forms of the invention are dictated by and directly dependent on the 

10 unique characteristics of the active compound and the particular therapeutic effect 
to be achieved, and the limitations inherent in the art of conipounding such art 
active compound for the treatment of individuals/ 

For antibodies, the preferred dosage is 6:1 mg/kg to 100 mg/kg of body 
weight (generally 10 mg/kg to 20 mgjfcg). If the antibody is to act in the brain, a 

15 dosage of 50 mg/kg to 100 mg/kg is usually appropnate. Geneially, partially 
human antibodies and fully human antibodies have a lohger hdf-life withihihe 
human body than other antibodies.* "Accordingly; lower dosages arid less frequent 
administrationis often possible. Modifications such as lipidatioh can Us&i to 
stabilize antibodies and to enhance uptake and tissue penetration (e.g.; into' the 
20 brain). A method for lipidatioh of antibbdies is described by Citiikshank et al.< 
((1997) J: Acquired Immune Deficiency Syndrome arid Human Retrovirology 
14:193): 

The nucleic acid molecules of the invention can be iiiserted into vectors arid 
used as gene therapy vectors. Gene therapy vectors can be delivered to a subject 

25 by, for example, intravenous injection, local administration (U.S. Patent 

5,328,470) or by stereotactic injection (see; e.g., Chen et al. (1994) Proc. Natl 
Acad Set USA 91:3054-3057). The pharmaceutical preparation of the gene 
therapy vector can include the gene therapy vector in an acceptable diluent, or 
can comprise a slow release matrix in which the gene delivery vehicle is 

30 imbedded. Alternatively, where the complete gene delivery vector can be 
produced intact from recombinant cells, e.g. retroviral vectors; the 
pharmaceutical preparation can include one or more cells which produce the gene 
delivery system. 

The pharmaceutical compositions can be included in a container, pack, or 
35 dispenser together with instructions for administration. 
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y TT<a H ian dMe ^^ fri " tTnvention • .. 

Tte nucleic acid molecules, proteins, protein homologues, and antibod.es 

5 screening assays; b) detection assays (eg. chromosomal mapping, tissuing, 

assays, monitoring clinical tiials, and pharmacogenom.es); and d)meftods of 
JL*&*******4W Fore^ple,polype P tideso the 
invention can to used to (i) modulate cellular proliferation; (u) modulate ceH 
,0 migration and chemotaxis; (hi) modulate cellular ^ differentiation; and/or (.v) 

riateangiogenesis. The isolated nucleic acid molecules of the.myent.on can 
be used to express proteins (eg. via a recombinant expmssion vector ma host 

oragenetic lesion, and tomodulate activity of a polypeptide of the mvention. In 
15 addition, the polypeptides of the invention can be used to screen .dn.gs or 
confounds which modulate activity or expression of a polypeptide pf the 

Lntionas ^m^.^^^ 1 ^^ 1 ^ 
production of a protein of the invention or production of a form of a , protem ^f 

Sntion^ 
20 protein/maddition,mean^^^^ 

solateaproteinoftheandmodulateactivityofaproteinofm^^ 

described screening assays and uses thereof for treatments as desenbed herem. 

75 A. Screenin g Assays 

The invention provides a method (also referred to herein as a screemng 

assty") for identifying modulators, i.e., candidate or test -7^-?* 
(e.g!peptides, peptidomimetics, small molecules or other drugs) wh-ch bmd to 
££L of the invention or have a stimulatory or inhibitory effect on, for 
30 example, expression or activity ofa polypeptide of the invention 

in onelbodiment, the invention provides assays for screenmg candidate or 
test compounds whichbind to or modulatethe activity ofthe membrane-bound 
form of a polypeptide ofthe invention or biologically active portion hereof. The 
test compounds ofthe present invention can be obtained usmg any of the 
35 numerous appnoaches in combinatorial library methods known .n the art, 
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including: biological libraries; Spatially addressable parallel solid phase or 
solution'>hase libraries; synthetic library methods requiring deconvolution; the 
"one-bead bhe^mpound" Ifohuy method; and synthetic library methods using 
affinity chromatography selection. The biologicad library abroach js limited to 
peptide libraries, while the other four approaches are applicable to peptide, non- 
peptide oligomer or small molecule libraries of compounds (Lam (199^ 
AmcancerDrugDesA2:lA5). " " - 

Examples of methods for the synthesis of molecular libraries can be found in 
the art, for example in: DeWitt et ah (1 993) Prod. Natl AcadScipSA 90:6909; 
Erbetal. (1994) Proc: NatL Acad. Set USA 9lVl 1422; Ziwkc^aim et al-t^WX 

Angew. Ghent Int. E&Erigl. 33:2059; Carellet ah tf994)Arigeti&^ 
Engl. 33:2061; and Gallop et al. (1994) 7. Med Chem. 37:1233. [ 

tibraries of compounds may be presented in solution "(e.g., HoiightenX1992) 
Bio/TecKniques 13:4121421), or on beads (Lam (mi) Nifori 354:82.84), chips 
(Fodc* (1993) Nhture 364:555-556), bacteria (U.s;Wtent No. 5,223,40% spores 
(Patent NOS; 5,571,698; 5,403,484; arid 5,223^409), plasm &XCuII^ a^l9^ 
Proc. Natl! Acad ScL KS4 89:1865-1869) or pliage (Scott ahc^hiith^l990) * 
Science 249:386-390; Devlin (1990) Science 249:404406; CWiria 6t k (1990) 
Proc. Nad. Acad. Set USA 87:6378-6382; arid Felici (1991) \J. Mol Biol. 
222:301-310). • ' 4: " : 

In one embodiment, an assay is a cell-based assay in which a cell which 
expresses a membrarie-bourid forin 6f a polypeptide of the invention, or a 
biologically active portion thereof, on the cell surface is contacted with a test 
compound and the ability of the test compound to bind to the polypeptide 
determined.' The cell, for example, can be a yeast cell or a cell of mammalian 
origin. Determining the ability of the test compound to'bind to the polypeptide 
can be accomplished, for example, by coupling the test comjKmnd with a 
radioisotope or enzymatic label such that binding of the test compound to the 
polypeptide or biologically active portion thereof can be determined by defecting 
the labeled compound in a complex. For example, test compounds can be iabeled 
with ,25 1, 35 S, 14 C, or 3 H, either directly or indirectly, arid the radioisotope 
detected by direct counting of radioemmission or by scintillation counting. 
Alternatively, test compounds can be enzymatically labeled with, for example, 
horseradish peroxidase/alkaline phosphatase, or luciferase, and the enzymatic 
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label detected by determination of conversion of an appropriate substrate to 
product In a preferred embodiment, the assay comprises contacting a cell whtch 
expresses a membrane-bound form of a polypeptide of the invention, or a 
biologically active portion thereof, on the cell surface with a known compound 
which binds the polypeptide to form an assay mixture, contacting the assay 
mixture with a test compound, and determining the ability of the test compound 
to interact with the polypeptide, wherein determining the ability of the test 
compound to interact with the polypeptide comprises determining the ability of 
the test compound to preferentially bind to the polypeptide or abiologjcally 
active portion thereof as compared to the known compound. 

In another embodiment, an assay is a cell-based assay comprising contacting 
a cell expressing a membrane-bound form of a polypeptide^ the invention, or a 
biologically active portion thereof, on the cell surface with a test compound and 
determining the ability of the test compound to modulate (eg. stimulate or 
inhibit) the activity of the polypeptide or biologically active portion thereof 
Determining the ability of the test compound to modulate the activity of the 
polypeptide or a biologically active portion thereof can be accomplished, for 
example, by determining the ability of the polypeptide protein to bind to or 
interact with a target molecule. 

Determining the ability of a polypeptide of the invention to bind to or 
interact with a target molecule can be accomplished by one of the methods 
described above for determining direct binding. As used herein, a "target 
molecule" is a molecule with which a selected polypeptide (e.g., a polypept.de of 
the invention binds or interacts with in nature, for example, a molecule on the 
surface of a cell which expresses the selected protein, a molecule on the surface 
of a second cell, a molecule in the extracellular milieu, a molecule associated 
whh the internal surface of a cell membrane or a cytoplasmic molecule. A target 
molecule can be a polypeptide of the invention or some other polypeptide or 
protein. For example, a target molecule can be a component of a signal 
transduction pathway which facilitates transduction of an extracellular s.gnal 
(e g., a signal generated by binding of a compound to a polypeptide of the 
invention) through the cell membrane and into the cell or a second intercellular 
protein which has catalytic activity or a protein which facilitates the association 
of downstream signaling molecules with a polypeptide of the invention. 
Determining the ability of a polypeptide of the invention to bind to or .nteract 
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with a target molecule can be accomplished by determining the activity of the 
target molecule. For example, the activity of the target molecule can be 
determined by detecting induction of a cellular second messenger of the target 
(egV intracellular Ca 2 +, diacylglycerol, IP3, etc.), deteting 
5 activify of the target on an appropriate substrate; detecting the induction bf a 

reporter gene (e.g., a fegulatory element that is responsive to a polypeptide of the 
invention operably linked to a nucleic add encoding a de&t^le ni^er, e.g. 
; luciferase), or detecting a cellular response, for example, cellular differentiation, 
or cell proliferation. 6 
10 In yet another embodiment, an assay of the present invention is % cell-free 

assay comprising contacting a polypeptide of the invention or biologically active 
portion thereof with a test compound and determining die ability of the test 
compound to bind to the polypeptide or biologically active portion therebf. 
Binding of the test compound to the? polypeptide cm be determined either directly 
15 or indirectly as described above. In a preferred embodim^iit, tiie assay includes 
contacting the pblypeptide of the invention or biologically active pdrtioii thereof 
with a known compound which Binds the polypeptide to form an assay rhixture, 
contacting the assay mixture with a test compound, anH determining the ability of 
the test compound to interact with the polypeptide wherein determining the 
20 ability of the test compound to interact with die polypeptide comprises 
determining the ability of the test compoiind to preferentially bind to the 
polypeptide or biologically active portion thereof as compared to the known 
compound;'- - ■ rfs r 

In another embodiment, ah assay is a celi-free assay comprising contacting a 
25 polypeptide of the invention or biologically acti ve portion thbrebf With a test 
compound and determining the ability of the test compound to modulate (e.g., 
stimulate of inhibit) the activity of the polypeptide or biologically active pbrtion 
thereof Determining the ability of the test compound to modulate the activity of 
the polypeptide can be accomplished, for example, by determining the ability of 
30 the pblypeptide to bind to a target molecule by one of the methods described 

above for determining direct binding. In an alternative embodiment, determining 
the ability of the test compound to modulate the activity of the polypeptide can be 
accomplished by determining the ability of the polypeptide of the invention to 
further "modulate the target molecule. For example, the catalytic/enzymatic 
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activity of the target molecule on an appropriate substrate can be determined as 
previously described. 

In yet another embodiment, the cell-free assay comprises contactinga 
polypeptide of the invention or biologically active portion thereof with a known 
5 compound which binds the polypeptide to form an assay mixture, contacting the 
assay mixture with a test compound, and determming the ability of the test 
compound to interact with the polypeptide, wherein determining the ability of the 
test compound to interact with the polypeptide comprises deteimimng the ability 
of the polypeptide to preferentially bind to or modulate the activity of atarget 

10 molecule. ; 

The cell-free assays of the present invention are amenable to use of both a 
soluble form or the membrane-bound form of a polypeptide of the invention. In 
the case of cell-free assays comprising the membrane : bound form of the 
polypeptide, it may be desirable to utilize a solubilizingagent such that.the 

15 membrane-bound form of the polypeptide is maintained in solution. Examplesof 
such solubilizing agents include non-ionic detergents such as n-octylglucoside, n- 
dodecylglucoside, n-octylmaltoside, octanoyl-N-methylglucamide,decanoyl-N- 
memylglucamide, Triton X-100, Triton X-l 14, Thesh, IsotridecypoWethylene 
glycol ether)n, 3-[(3-cholamidopropyl)dimemylammimo>l-propane sulfon^ 

20 (CHAPS), 3-[(3-cholamidopropy0dimemyIammmio]-2-hydroxy-l-piopane 
sulfonate (CHAPSO), orN-dode(^l=N,N-dimethyl-3-ammonio-l-propane 
sulfonate. 

In more than one embodiment of the above assay methods of the present 
invention, it may be desirable to immobilize either the polypeptide of the 

25 invention or its target molecule to facilitate separation of complexed from 

uncomplexed forms of one or both of the proteins, as well as to accommodate 
automation of the assay. Bindingof a test compound to the polypeptide, or 
interaction of the polypeptide with a target molecule in the presence and absence 
of a candidate compound, can be accomplished in any vessel suitable for 

30 containing the reactants. Examples of such vessels include microthre plates, test 
tubes, and micro-centrifuge tubes. In one embodiment, a fusion protein can be 
provided which adds a domain that allows one or both of the proteins to be bound 
to a matrix. For example, glutathione-S-transferase fusion proteins or 
glutathione-S-transferase fusion proteins can be adsorbed onto glutathione 
35 sepharose beads (Sigma Chemical; St Louis, MO) or glutathione derivatized 



59 



microtitre plates, which are then combined with the test compound or the test 
compound arid eith er the non-adsorbed target protein or A polypeptide of the 
inyentiori/and the mixture incubated under conditions conducive to coimplex 
formation (e.g.; at physiologicai conditions for salt and pH). Following 1 :< 
incubation, the beads or microtitre plate welte are washed to remove any unbound 
components; and complex formation is measured either directly of indirect^ for 
example, as described above.* Alternatively, ihe complexes can be dissociated 
from the matrix^ and thelevel bf binding or activity of the polypeptide of the 
invention can bd determined using standard techniques; 

Other techniques for immobilizing proteiiis on matrices can also be used in 
1 the screening assays of the invention. ForWampie, either the i^l>^^tid^ of the 
invention^ or its tarjget molecule can be immobilized utdizin^tonjugation of 
biotin arid streptavidin.^ of the invention or target " 

molecules can be prepared from biotih-hMS (N-hydroxy-subciii 
techniques%ell kfiown in^th^(e;g^ Bibtinylation kit, Pieirotihemidals; •■ 
Rockford; IL), and immobilized in the wells of streptevicHn-coatwi 96 Well plates 
(Pierce Ch^ 

invention or tai^et molwulies but which do not interfere widi binding of the 
polypeptide of the invention to its target molecule can be derivatized to the wells 
of the plate* and uhboiind target or piblypeptidede of the ^ invention ta^pefrin the 
wells by antibody conjugation- Methods for detecting such wmplexes, in ' 
addition to those described above for the GST-immobilized complexes, include 
immunodetection of complexes using antibodies reactive with the polypeptide of 
the invention or Wget molecule, as wen ^ en^e^link^assays whicli n?ly on 
detecting an enzymatic activity associated with the polypeptide of the invention 
or target molecule. 

In another embodiment, modulators of expression of a polypeptide of the 
invention are identified in a method in which a cell is contacted with a cahdidke 
compound and the expression of the selected mRNA or protein (i.e., the mRNA 
or protein corresponding to a polypeptide or nucleic acid of the invention) in the 
cell is determined. The level of expression of the selected mRNA or protein in 
the presence of the candidate compound is compared to the level of expression of 
the selected mRNA or protein in the absence of the candidate compound. The 
candidate compound can then be identified as a modulator of expression of the 
polypeptide of the invention based on this comparison. For example, when 
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expression of the selected mRNA or protein is greater (statistically significantly 
greater) in the presence of the candidate compound than in its absence, the 
candidate compound is identified as a stimulator of the selected mRNA or protein 
expression. Alternatively, when expression of the selected mRNA, or. protein is 
5 less (statistically significantly less) in the presence of the candidate compound 
than in its absence, the candidate compound is identified as an inhibitor of the 
selected mRNA or protein expression. The level of the selected mRNA or 
protein expression in the cells can be determined by methods described herein. 
In yet another aspect of the invention, a polypeptide of the inventions can be 
10 used as "bait proteins" in a two-hybrid assay or three hybrid assay (see, e.g., U.S. 
Patent No. 5,283,317; Zervos et a!. (1993) Cell 72:223-232; Madura et al. (1993) 
J. BioLChem. 268:12046-12054; Barteletal. (1993) Bio/Techniques 14:920-924; 
Iwabuchi et al. (1993) Oncogene 8:1693-1696; and PCT Publication No. WO 
94/10300)^0 identify other proteins, which bind to or interact with the 
15 polypeptide of the invention and modulate activity of the polypeptide of the 

invention. Such binding proteins are also likely to be involved in the propagation 
of signals by the polypeptide of the inventions as, for example, upstream or 
downstream elements of a signaling pathway involving the polypeptide of the 
invention. 

20 This invention further pertains to novel agents identified by the above- 

described screening assays and uses thereof for treatments as described herein. 

B. noection Assays 

Portions or fragments of the cDNA sequences identified herein (and the 

25 corresponding complete gene sequences) can be used in numerous ways as 

polynucleotide reagents. For example, these sequences can be used to: (i) map 
their respective genes on a chromosome and, thus, locate gene regions assocated 
with genetic disease; (ii) identify an individual from a minute biological sample 
(tissue typing); and (iii) aid in forensic identification of a biological sample. 

30 These applications are described in the subsections below. 

1 . Chromoso me Mapping 

Once the sequence (or a portion of the sequence) of a gene has been isolated, 
this sequence can be used to map the location of the gene on a chromosome. 
35 Accordingly, nucleic acid molecules described herein or fragments thereof, can 
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be used to map the location of the coiroponding genes on a chromosome, the 
mapping of the sequences^ chromosomes is an important first step m correlating 
the^ sequence with genes a&dciated with* disease. ^ - 

Briefly; genes can be mappedto chromosome by preparing PCR primers 
(preferably 15-25 bp in length) from the sequence of a g^ne of the mveiition. 
Computeranalysis of the sequence of a geiie of the invention ^'io 
rapidly selebt primers that do hot span rhdre than one exon in the g^bmic DNA, 
thus^mplic^ theft te' used for 

PCR screening of somatic cell hybnils containing individual human ; ' 

chromosomes; Only ^e hybrids containing^ 
the gehe sequences will yield an amplijReci'fiagment For a >wwwofftis 
technique, see D'Etistachio et at ((f983) 5t/e«ce 220:919-924). ' " v " : ^ 

PGR'mappirig of somatic cell hybrids is a rapid procedure for assigning a 
particular sequence to a particular chrc^some^ Thre^r be 
assigned per day iisirig a single thermal cycler. Using the nUcleic acid^t^ces 
of the invention to design oligonucleotide primers, sublocalizatiori caii bfe 
achieved with panels of fragments from specific chromosomes. Other mapping 
strategies which can similarly be used to map a gene to its chrombsOmfe incite 
msitufyto^^ (1 $90) Proc. ^A^^LUSA 

87:6^-^27), pre-sawning with labeled floW-sorted chromosomfe, ind pre- 
selection by hybridization to chromosome $ecific cDNvt fibwies; Flubi^&nce 
in situ hybridizatioh (FISH) ofa DNA sequence to a metaphase chromosorfiM *' 
spread cah«er be used to provide a precise chromosomal location in^rie step. 
For afeview of this technique, see Vermaet aL (Human Chromosomes: A 
Manual of Basic Techniques (Pergamon Press, New York, 1 988))/ 

Reagents for chromosome mapping can be usbd individually to mark a Single 
chromosome or asirigle site on that chromosome, or panels of reagents can be 
used for marking multiple sites and/or multiple chromosomes. Reagents 
corresponding to noncoding regions of the genes actually are preferred for 
mapping purposes. Coding sequences are more likely to be conserved* within 
gene families, thus increasing the chance of cross hybridizations during 
chromosomal mapping. 

Once a sequence has been mapped to a precise chromosomal location, the 
physical position of the sequence on the chromosome can be correlated with 
genetic map data. (Such data are found, for example, in V. McKusick, 
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Mendelian Inheritance in Man, available on-line through Johns Hopkins 
University Welch Medical Library). The relationship between genes and d,sease, 
mapped to the same chromosomal- region, can then be identified ttaough hnkage 
analysis (^inheritance of physically adjacent genes), described in, e.g„ Egeland 
5 etal. (1987) Nature 325:783-787. 

Moreover, differences in the DNA sequences between mdiv,duals affected 
and unaffected with a disease associated with a gene of the invention can be 
determined. If a mutation is observed in some or all of the affected md,v,duals 
but not in any unaffected individuals, then the mutation is likely to. be the 
10 causative agent of the particular, disease. Comparison of affected and unaffected 
individuals generally involves first looking for structural alteranons ui the r 
chromosomes such as deletions or translocations that are visible from 
chromosome spreads or detectable using PCR based on that DMA sequence. 
Ultimately, complete sequencing of genes from several individuals can be 
,5 performed to confirm the presence of a mutation and to distinguish muteUons 
from polymorphisms. , 

9 Tissue Typing ' . 

The nucleic acid sequences of the present invention can also be used to 

20 identify individuals from minute biological samples. The United States mdmuy, 
for example, is considering the use of restriction fragment length polymorphs 
(RFLP) for identification of its personnel. In this technique, an mdmduahv 
genomic DNA is digested with one or more restriction enzymes, and probed on a 
Southern blot to yield unique bands for identification. This memod does ; not 

25 suffer from the current limitations of "Dog Tags" which can be lost, swrtched, or 
stolen, making positive identification difficult Tbe.sequenc^ of *e present 
invention are useful as additional DNA markers for RFLP (descnbed m U.S. 
Patent 5,272,057). 

Furthermore, the sequences of the present invention can be used to prov.de 
30 an alternative technique which determines the actual base-by-base DNA sequence 
of selected portions of an individual's genome. Thus, the nucleic ac,d sequences 
described herein can be used to prepare two PCR primers from the 5' and ends 
of the sequences. These primers can then be used to amplify an mdmdual s DNA 
and subsequently sequence it 
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on: ,t ? Paneb of corresponding DNA sequences from individuals, prepared in this 
manner, can provide unique individual identifications, as each individual will 
have a unique set of such DNA sequences due to allelic differences. The 
sequences of the present invditioh can be used to obtain such identification 
5 sequences from individuals and from tiisue: The nucleic acid sequences of the 
invention uhiqiiely repr^eht portions of the himian genoiifie: Allelic variation 
occurs to some degree in the coding regions of tfiese sequences, and to a greater 
• degree in the nbncoding regions. It is estirilafea ffiat allelic variation between 
individual hunifes oc^rs with a frequency of about one* per each 500 bases. 
10 Each^bf the sequences described herein can, to som^ degree, be used as a standard 
> ' against which DNA from an individual can be compared for identification 
purposes. Because greater riumbers of pblymoiphisms bccur in the rioncoding 
regions, fewer sequences are necessary to differentiate individuals. The 
nbncoding sequences of SEQ ID NO: 1, 4 or 7 c^ cbmforta>V provide positive 
15 itidividuai identification with d panel of perhaps 10 to 1,000 jprimers which each 
yield tfhoncbding amplified sequence of 1 00 Bases* If predicted coding 
sequences; such as those in SEQ D>NO:3; 6 or 9 aire used^ a more appropriate 
number of primere fbrpositive individual identifibatibn would be 500-2,000: 
If a panel of reagents from the nucleic acid ^ sequences described herein is 
20 used to generate a unique identification database for an individual, those same 
reagents can later be used to identify tissue from that individual. Using the 
unique identificatiotfdatsabase, positive identification of the individual, living or 
dead, can be made from extremely small tissue samples. 

25 3. Use of Partial Gene Sequences in Forensic Biology 

- . ' " DNA-based identification techniques cah also be used in forensic biology. 
Forensic biology is a scientific field employing genetic typing of biological 
evidence found at a crime scene as a means for positively identifying, for 
example, a perpetrator of a crime. To make such an identification, PCR 

30 technology can be used to amplify DNA sequences taken from very small 

biological samples such as tissues, e.g., hair or skin, or body fluids, e.g., blood, 
saliva, or semen found at a crime scene. The amplified sequence can then be 
compared to a standard, thereby allowing identification of the origin of the 
biological sample. 
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Tte sequences of the present invention can be used to provide polynucleot.de 
reagents, e.g., PCR primers, targeted to specific loci in the human genome, which 
can enhance the reliability of DNA-based forensic identifications by, for 
example, providing another "identification marker" (i.e. another DNA sequence 
that is unique to a particular individual). As mentioned above, actual base 
sequence information can be used for identification as an accurate alternative to 
patterns formed by restriction enzyme generated fragments. Sequences targeted 
to noncoding regions are particularly appropriate forthisuse as greater numbers 
ofpolymorphisms occur in the noncoding regions, making it eas«er to 
differentiate individuals using this technique. Examples of polynucleotide 
reagents include the nucleic acid sequences of the invention or portions thereof, 
e.g., fragments derived from noncoding regions having a length of at least 20 or 

30 ^nucleic acid sequences described herein can further be used to provide 
polynucleotide reagents, e.g., labeled or labelable probes which can be used m, 
for example, an in situ hybridization technique, to identify a specific tissue, e.g., 
brain tissue. This can be very useful in cases where a forensic pathologist is 
presented with a tissue of unknown origin. Panels of such probes can be used to 
identify tissue by spepies and/or by organ type. 



C. Pr»Hir*ivft Medicine 

The present invention also pertains tq the field of predictive medicine m 
which diagnostic assays, prognostic assays, pharmacogenetics, and momtormg 
clinical trails are used for prognostic (predictive) purposes to thereby treat an 
25 individual prophylactically. Accordingly, one aspect of the present invention 

relates to diagnostic assays for determining.expression of a polypeptide or nucleic 
acid of the invention and/or activity of a polypeptide of the invention, in the 
context of a biological sample (e.g., blood, serum, cells, tissue) to thereby 
determine whether an individual is afflicted with a disease or disorder, or is at 
risk of developing a disorder, associated with aberrant expression or activity of a 
polypeptide of the invention. The invention also provides for prognostic or 
preSre) assays for determining whether an individual is at risk of developing a 
disorder associated with aberrant expression or activity of a polypeptide of the 
invention. For example, mutations in a gene of the invention can be assayed ,n a 
biological sample. Such assays can be used for prognostic or predictive purpose 
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to thereby prophylactically treat an individual prior to the onsk of a disorder 
char^nzed by or associated with aberrant Expression or activity of a 
polypeptide of the invention. 

Another aspefct of the invention provides methods for expression of a nucleic 
5 acid or polypeptide of the invention or activity of a polypeptide bf the invention 
irian individuaitb thereby select 
for that individual (referred to herein as "pfiaroaw 

Phajroacogeriomics iartlbws for the selection of agents (e,g M diii|s) for therapeutic 
or prophylactib tteatmerit of an ^ ihdiviiuaf based bh the g^not^pe of the individual 

10 (e.g.;the-genotype of the individud examined to detenri^ 

individual to respond to a paiticul^ kgent). r >; 

another aspect of the invention pertaiiis to nibnftbiing tte influence of 
agents (e.g:, drugs or other compounds) on the expression or activity of a 
polypeptide of tee invention in clinical trials, these and other ageitis are 

15 described in fuiiheir detail in tiie following sections. ; v 

-ie Diagnostic Assa^ '""V"\ ' ^ 

An exempt method for detecting thejre^hce or tibsra&ofa polypeptide 
or nucleic acid of the invention in a biological sample involves obtaining a 

20 biological sample from a test subject and contacting the bioldgi^ s&^le With a 
compound of an agent capable of detecting a polypeptide or nucleic acidfe.gi, 
mRNA, genomic DNA) of the invention such that the presence of a pblypeptide 
or nucleid acid 'of tlie invention is detected in the biblogickl sample. A preferred 
agent for defecting r mRNA or genomic DN A encoding a poly^ptide of tiie 

25 invention is a, labeled nucleic acid probe capable of hybridizing to iriRNA of 

genomic ONA encoding a polypeptide of the invention. The nucleic acid probe 
can be, for example, a full-length cDNA, such as the nubleic acid of SEQ ID NO: 
1, 3, 4, 6, T or 9, or a portion thereby such as an oligonucleotide of at least 15, 30, 
50, 100, 250 or 500 nucleotides in length and sufficient to specifically hybridize 

30 < under stringent conditions to a mRNA or genomic DNA encoding a polypeptide 
of the invention. Other suitable probes for use in the diagnostic assays of the 
invention are described herein. 

A preferred agent for detecting a polypeptide of the invention is an antibody 
capable of binding to a polypeptide of the invention, preferably an antibody with 

35 a detectable label. Antibodies can be polyclonal, or more preferably, 
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monoclonal. An intact antibody, or a fragment thereof (e* Fab or F(abOz) can 
be used The term "labeled", with regard to the probe or antibody, is intended to 
encompass direct labeling of the probe or antibody by coupling (i.e., physically 
linking) a detectable substance to the probe or antibody, as well as indue* 
5 labeling of the probe or antibody by reactivity with another reagent that is 

directly labeled. Examples of indirect labeling include detection of a pnmary 
antibody using a fluorescent* labeled secondary antibody.and end-labehng of a 
DNA probe with biotin such that it can be detected with fluorescent* labeled 
streptavidin. The term "biological sample" is intended to include tissues, ceHs 
10 and biological fluids isolated from a subject, as well as tissues, cells and fluids 
present within a subject That is, the detection method of the invention can be 
used to detect mRNA, protein, or genomic DNA in a biological sample in v '*^ as 
well as in vivo. For example, in vitro techniques for detection of mRNA include 
Northernhybridizationsandfn^hybridizations. In vitro ^techniques for 
15 detectionofapolypeptideoftheinventionincludeenzyme^ 

immunosorbent assays (ELISAs), Western blots, immunoprecipitations and 
immunofluorescence. In vitro techniques for detection of genomic DNA include 
Southern hybridizations. Furthermore, in vivo techniques for detection of a 
polypeptide of the invention include introducing into a subject a labeled ^an^body 
20 direTtedagainstthepolypeptide. For example, the antibody can be -N^* 
radioactive marker whose presence and location in a subject can be detected by 
standard imaging techniques. 

In one embodiment, the biological sample contains protein molecules from 
the test subject Alternatively, the biological sample can contain mRNA 
25 molecules from the test subject or genomic DNA molecules from the test subject 
A preferred biological sample is a peripheral blood leukocyte sample isolated by 
conventional means from a subject 

In another embodiment the methods further involve obtaining a control 
biological sample from a control subject contacting the control sample with a 
30 compound or agent capable of detecting a polypeptide of the invention or mRNA 
or genomic DNA encoding a polypeptide of the invention, such that the presence 
of the polypeptide or mRNA or genomic DNA encoding the polypeptide is 
detected in the biological sample, and comparing the presence of the polypeptide 
or mRNA or genomic DNA encoding the polypeptide in the control sample with 
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the presence of the polypeptide or mRNA or genomic DNA encoding the 
pcilypeptide in ^ the t^ sain jjie. 

The invention alko encompasses kits for detecting the presence of a 
$lypeptide or nucleic acid of the invehtioh in a biological sample (a test 
5 sample): Such kits can be used to determine if a subject'is suffering from or is at 
increased risk of developing a disorder associated ^ wkh' ^iOTant expressioh of a 
polypeptide of the inveift6ii(e.g^ a proliferative d^rder; e.g„ psoriasis or 
canc&r). For example, the kit can comprise a labeled compdund or agent capable 
of detecting the polypeptide or mRNA encoding the polypeptide in a Biological 
10 sample and means for determining the amount of the polypeptide or mRNA in the 
sample (e.g., an antibody which bindis the polypeptide or an oUgoniicleotide 
probe which binds to DNA or mRNA encoding Ihe 

inblude instructions for observing that the tested subject is suffering from or is at 
risk of developing a disorder ^ociated with^eiraiit expression of the 
15 ' polypeptide if the iriioiint of the polyjteptidb br mRNA encoding the polypeptide 
is above or beibW a normal level ' ; 

For arititK)dy.based kits, the kit mjay dompris^ for example: (1) a first 
antibody (e.g., attached to a solid'suppoi^ Which Binds; to a polypeptide of the ' 
t>: - invention; and; optionally, (2) a second, different antibc^y which binds to either 
20 the polypeptide or the first antibody and is cbiijugated to a detectable agart. 

; - For oligonucieotide-based Wts, &e kit may comprise, for example: (j) an 
oligonucleotide, e:g., a d^tectably labeled oligonucleotide, which hybridizes to a 
nuclei or (2) a pair of 

priihere useful for amplifying a riucteic acid molecule eriboding a polypeptide of 
25 the invention, the kit may also comprise^ e.g., a buffering ag;ent, a preservative, 
or a protein stabilizing agent The kit may also comprise components necessary 
for detecting the detectable agent (e.g„ an enzyme or a substrate). The kit may 
also contain a control sample or a series of control samples which can be assayed 
arid compared to the test sample contained. Each component of the kit is usually 
30 enclosed within an individual container arid all of the various containers are 

within a single package along with' instructions for observing whether the tested 
subject is suffering from or is at risk of developing a disorder associated with 
aberrant expression of the polypeptide. 
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2. Prognostic AssaVS 

The methods described herein can furthermore be utilized as diagnostic or 
prognostic assays to identify subjects having or at risk of developing a disease or 
disorder associated with aberrant expression or activity of a polypeptide of the 
5 invention. For example, the assays described herein, such as the preceding 
diagnostic assays or the following assays, can be utilized to identify a subject 
having or at risk of developing a disorder associated with aberrant expression or 
activity of a polypeptide of the invention, e.g„ a proliferative disorder, eg., 
psoriasis or cancer, or an angiogenic disorder. Alternatively, the, prognostic 
10 assays can be utilized to identify a subject having or at risk for developing such a 
disease or disorder. Thus, the present invention, provides a method in which a 
test sample is obtained from a subject and a polypeptide or nucleic acid (e*. 
mRNA, genomic DNA) of the invention is detected, wherein the presence of the 
polypeptide or nucleic acid is diagnostic for a subject having or at risk of 
1 5 developing a disease or disorder associated with aberrant expression or activity of 
the polypeptide. As used herein, a "test sample" refers to a biological sample 
obtained from a subject of interest For example, a test sample can be a 
biological fluid (e.g., serum), cell sample, or tissue. 

Furthermore, the prognostic assays described herein can be used to determine 
20 whemerasubjectcanbeadmmk^ * 
peptidomimetic, protein, peptide, nucleic acid, small molecule, or other drug 
candidate) to treat a disease or disorder associated with aberrant expression or 
activity of a polypeptide of the invention. For example, such methods can be , 
used to determine whether a subject can be effectively treated with a specific , 
25 agent or class of agents (e.g., agents of a type which decrease activity of the 
polypeptide). Thus, the present invention provides methods for determining 
whether a subject can be effectively treated with an agent for a disorder 
associated with aberrant expression or activity of a polypeptide of the invention 
in which a test sample is obtained and the polypeptide or nucleic acid encoding 
30 the polypeptide is detected (e.g., wherein the presence of the polypeptide or 

nucleic acid is diagnostic for a subject that can be administered the agent to treat 
a disorder associated with aberrant expression or activity of the polypeptide). 

The methods of the invention can also be used to detect genetic lesions or 
mutations in a gene of the invention, thereby determining if a subject with the 
35 lesioned gene is at risk for a disorder characterized aberrant expression or activity 
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of a polypeptide of the invention^ Iii preferred embodiments, the methods include 
detecting in a sample of cells from the subject, ; the presence^ absence of a 
genetic lesion or mutation bharacterb^d by at least on^bf^ alteration affecting 
the integrity of a gen^encbdirig the polypeptide of the ihverition, or itiemis- 
5 expression of the gene encoding the pdlypeptide of tlie invention. For example, 
such^genetic lesions dr muttons can 1^ adtecteci by ascei^ining tlrc existent of 
: at least one of: 1) a deletion of one or iwore hMeotides from the gene; 2) an 
addition of one or more nucleotides to the gene; 3)£ substitutibii of tine or more 
nucleotides of the^ne^ a chromosome of ihe $te; 5) an 

10 alteration in the level of am an abferrW 

modification bf*h£gen<^ bftHe^c^icDNA; 
7) the presence of a non-wild type splicing pattern of a rn^en^r RNA traiiscript 
of the gene; 8) a non-wild type level of a the protein encoded by thegene;'9)aii 
allelicloss of the gene; and ; 10y 
15 of theproteih encoded by the gene. Afdescribed herein; ttere are a largenumber 
of assay techniques Kii6m#ffie M'ii^'(»ii be used for dating lesions in a 
•gene. • -y--' ■"■ • ■". y *■ 

In^ 

probe^mef in a pttlyAierase chain reactioiifPCR) (see, e!g^V\S:?Mntrti6s. 

20 i 4;683,195 ^d 4,683^02), such as aric^ PGR, or, alternatively; 

in ligation chaunn^ e -g^ Landegiran et -*L Science " 

241:1077-1080; and Naka^wa et at (1994) Pm^NaiL AcacLSdi: KM 91:360- 
364), the latter of which cii be particularly useful for detecting point mutations 
in a gene (se&e.&, Abravaya et at' ( 1 995) Nucleic Aci&1^23i67S-6SZ): this 

25 methodfcan include the steps of collecting a sample of cells from a patient, 
isolating nucleic acid (e.g., genomic, mRNA or both) from the cells of the 
sample, contacting the nucleic acid sample with bne of more primers which 
specifically hybridize to the selected gene lihder conditions such that 
hybridization and amplification of the gene (if present) occurs, and detecting the 

30 presence or absence of an amplification product, or detecting the size of the 
amplification product and comparing the length to a control sample. It is 
anticipated that PCR and/or LCR may be desirable to use as a preliminary 
amplification step in'conjunction with any of the techniques used for detecting 
mutations described herein. 



70 



Alternative amplification methods include: self sustained sequence 
replication (Guatelli et al. (1990) Proc. ml Acad. ScL USA 87:1874-1878). 
transcriptional amplification system (Kwoh,et al, (1989) Proc. Natl Acad Sci. 
USA 86:1 173-1 177). Q,Beta,Replicase (Lizardi et al. (1988) Biotechnology 
6- 1197). or any other nucleic acid, amplification method, followed by the 
detection of the amplified molecules using techniques well-known to those of 
skill in the art These detection schemes are especially useful for the detection of 
nucleicacidmoleculesifsuchmoleculesarepresentinveryjownumbers. 

In an alternative embodiment, mutations in a selected gene from a sample 
cell can be identified by alterations in reaction enzyme cleavage patterns. For 
example, sample and control DNA is isolated, amplified (optionally), digested 
with one or more restriction endonucleases, and fragment length sizes are 
determined by gel electrophoresis and compared. Differences in fragment length 
sizes between sample and control DNA indicates mutations in the sample DNA. 
Moreover, the use of sequence specific ribozymes <»*.«*. V,S. Patent No. 
5,498,531) can be usedto score for, me firesenceofspecificmutatioiisby 
development or loss of a ribozyme cleavage site. 

In other embodiments, genetic mutations can be identified by hybrids a 
sample and control nucleic acids, eg, DNA or RNA, to high density arrays ^ 
containing hundreds ormousandsof o,^^ 

Human Mutation 7244-255; Kozal et al. (1996) Nature Medicine 2:753,759). 
For example, genetic mutations can be identified in dimensional arrays 
containing light-generated DNA probes as described in Cronin et al. supra. 
Briefly, a first hybridization array of probes can be used to scan through long 
stretches of DNA in a sample and control to identify base changes between the 
sequences by making linear arrays of sequential overlapping probes. Tms step 
allows the identification of point mutations. This step is followed by a second, 
hybridization array that allows the characterization of specific mutations by usmg 
smaller, specialized probe arrays complementary to all variants or mutations 
detected. Each mutation array is composed of parallel probe sets, one 
complementary to the wild-type gene and the other complementary to the mutant 

gene. . . 

In yet another embodiment, any of a variety of sequencing reactions known 
in the art can be used to directly sequence the selected gene and detect mutations 
by comparing the sequence of the sample nucleic acids with the corresponding 
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wild-type (control) sequence. Examples of sequencing reactions include thdse 
based on techniques developed by Maxim and Gilbert ((1977) Profc. Wart 4cod 
&/. 74:560) or Sanger ((1977) Proc. Mtf/. ^oai Sci. USA 74:5463). It is 
also contemplated that any of a variety of automated sequencing procures can 
be utilized when performing the diagnostic assays ((1995) Bio/techniques 
19:448)* including sequencing by nto^specfrbmetry (see, PCt ^Publication 
No, WO 94/1 61 01 ; Cohen ei al. (1996) Aav. Chromatogr. 36: 127-162; ind 
Griffin etal. (1993) Appl: Biochem. BibtecHnol: 38:147^159). 

Other methods for detecting nbutations in a selected geiie include methods in 
which protection from cleavage agents is iised to detect mismatched bas^ ih 
RNA/RNA or RNA/DNA heterodiipiexes (Myersetal. (i9i5)Science 
230: 1242). In general; the technique of "mismatch cleavage" entails providing 
Keteroduplexes formed by hybridizing (labeled) RNA orDNA coritaihihg^tie 
wild-type sequenced 

sample. The d^^ treated ^whh an agent whiiili ciekve* 

single-stranded regioris of the duplex such as whictf will exist diie'to ;t>ai*pair 
mismatches between the 'control ^ RNA/DNA duplexes can be 

treated with RNase to digest riiisma^ arid DNA/DNA hybrids can be 

treated with SI nuclease to digest mismatched regions. " : 

Mother embodiments, either DNA/DNA or RNA/DNA duplexes can be 
treated with hydroxylamirie or ^osmium tetroxide and with piperidine in order to 
digest ntfsmate^^ 

resulting material is then sqp^ated by size On deh^rihg pblyacrylbmide gels to 
determine the site of mutatiorii See, tig., Cotfen et al. (1988) Proc. Natl Acad 
Set USA 85:4397; Saleeba et al: (1992) Methods Ehzymol 217:286-295. In a 
preferred embodiment* the control DNA or RNA can be labeled for detection. 

In still another embodiment the mismatch cleavage reaction employs one or 
more proteins that recognize mismatched base pairs in double-stranded DNA (so 
called "DNA mismatch repair" enzymes) in defined systems for detecting and 
mapping point mutations in cDNAs obtained from samples of cells. For 
example, the mutY enzyme of E. coIi cleaves A at G/A mismatches and the 
thymidine DNA giycosylase from HeLa cells cleaves T at G/T mismatches (Hsu 
et al. (1994) Carcinogenesis 15:1657-1662). According to an exemplary 
embodiment, a probe based on a selected sequence, e.g., a wild-type sequence, is 
hybridized to a cDNA or other DNA product from a test cell(s). The duplex is 
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treated with a DNA mismatch repair enzyme, and the cleavage products, if any, 
can be detected from electrophoresis protocols or the like. See, e.&, U.S. Patent 
No. 5,459,039. 

In other embodiments, alterations in electrophoretic mobility will be used to 
5 identify mutations in genes. For example, single strand conformation 

polymorphism (SSCP) may be used to detect differences in electrophoretic 
mobility between mutant and wild type nucleic acids (Orita et ah (1989) Proa 
Natl Acad Sou USA 865766; see oho Cotton (1993)M** Res. 285:125.144; 
Hayashi (1992) Genet. Anal TechAppl. 9:73-79). Single-stranded DNA 
10 fragments of sample and control nucleic acids will be denatured and allowed to 
renature. The secondary stra^ 

according to sequence, and the resulting alteration in electrophoretic moodily 
enables the detection of even a single base change. The DNA fragments may be 
labeled or detected with labeled probes,, The sensitivity of the assay may be 
15 enhanced by using RNA (rather than DNA),. in which the secondary structure is 
more sensitive to a change in sequence. In a preferred embodiment, the subject 
method utilizes heteroduplex analysis to separate double stranded heteroduplex 
molecules on the basis of changes in electrophoretic mobility (Keen et al. (1991) 

Trends Genet. 7:5). ~ 
20 In yet another embodiment, the movement of mutant or wild-type fragments 

in polyacrylamide gels containing a gradient of denaturant is assayed using , 
denaturing gradient gel electrophoresis (DGGE) (Myers et al. (1985) Nature^ 
313:495). When DGGE is used as the method of analysis, DNA will be modified 
to insure that it does not completely denature, for example by adding a GC 
25 clamp of approximately 40 bp of high-melting GC-rich DNA by PCR. In a 
further embodiment, a temperature gradient is used in place of a denaturing 
gradient to identify differences in the mobility of control and sample DNA 
(Rosenbaum and Reissner (1987) Biophys. Chem. 265:12753). 

Examples of other techniques for detecting point mutations include, but are 
30 not limited to, selective oligonucleotide hybridization, selective amplification, or 
selective primer extension. For example, oligonucleotide primers may be 
prepared in which the known mutation is placed centrally and then hybridized to 
target DNA under conditions which permit hybridization only if a perfect match 
is found (Saiki et al. (1986) Nature 324:163); Saiki et al. (1989) Proa. Natl Acad. 
35 Sci USA 86:6230). Such allele specific oligonucleotides are hybridized to PCR 
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amplified target DNA or a number 6f different mutations when the 
oligonucleotides are attached to the hybridizing membrane and hybridized with 
labeled target DNA. >'•-... 

Alternatively, allele specific amplification technology which depends on 
selective PCR amplification may be used in conjunction with the instant 
invention. Oligonucleotides used as primers Tor specific amplification 1 may-carry 
the mutation of interest in the center of the molecule (sb mat amplification 
depends on differential hybridization) (Gm^ etalJpmyMeie Ab^Res ' 
17:2437-2448) orat the extreme 3' endbf one ^'priin^ wh^ una^ app^^ 
conditions, mismatch can prevent or reduce polymerase extension (Prossner 
(1993)T»/ecA 11:238). In addition, it may be desirable to introduce* novel 
restriction she in the region of me mumtidh to create cleavage^ised detection 
(Gasparini et all '( 1992) Mot Cell Probes 6:1). It is anticipated that in certain 
embodiments amplificatidh'may also b6iwrfijitted > i^t^1^^^> '-'•* 
amplification (Barany tmif^NdtK Acad: Set £^ f 88:189): In such cases, 
ligation will occur only4f there is a perfect match aftbe 3' end of the S^uerice 
making it possible td detect the presence of a known mutation at a specific site by 
i looking fotfthe presence or ab^cebfan^lific^ibnf ; ' r ^ 

The methods described herein may be performed, for example^ utilizing 
pre-packaged diagnostic kits comprising at least one prob^ nucleic acid or • 
antibody reagent described herem^^^^ 

clinical.settings to diaghostfpatients exhibiting symptoms or family history 'of* 
disease or illness involving a gene encoding a polypeptide of the invention. 
Furthermore, any cell type or tissuej preferably peripiieral blood leukocytes; in 
which the polypeptide of the invention is expressed may be utilized in the ' 
prognostic assays described herein. . ' -. f <\.- 

3. ■ PHarmacogennmir«s 

Agents, or modulators which Have a stimulatory or inhibitory effect on 
activity or expression of a polypeptide of me invention as identified by a 
screening assay described herein can be administered to individuals to treat : 
(prophylactically or therapeutically) disorders associated . with aberrant activity of 
the polypeptide. In conjunction with such treatment, the pharinacogenomics (i.e., 
the study of the relationship between an individual's genotype and that 
individual's response to a foreign compound or drug) of the individual may be 
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considered. Differences in metabolism of therapeutics can lead to severe toxicrty 
or therapeutic failure by altering the relation between dose and blood 
concentration of the pharmacologically active drug. Thus, the pharmacogenomrcs 
ofmemdividual permits me sel^^ 

prophylacticottherapeutic treatments based on a consideration of the mdw^s 
genotype. Su^^ 

dosagTandmempeudcregimens. Accordingly, the activity ofapolypeptrd of 
the mvention, expression of a nucleic acid of the invention, or mutauon content 
of a gene of the invention in an individual can be determined to ^thereby setect 
appropriate agent(s) for merapeutic or prophylactic^ 

pL.acogenomicsdeab.wimclmicallysign^ 
the response to drop due to ahered drug disposition and abnormal acuon in 

two types of pharmacogenetic conditions can be differentiated. GeneUc 
conditions transmitted as a single factor altering the way drugs act on me body 
are referred to as "altered drug action." Genetic conditions transmrttedas .angle 
factorsaltermgmewaythebody 

metabolism". These pharmacogenetic conditions can occur ether as rare defects 
or as polymorphisms. For example, glucose^phosphate dehydrogenase 
deficiency (G6PD) is a common inherited enzymopathy in wh,ch the mam 
clinical complication is haemolysis aftermgestion of oxidant drugs (an* 
ma larials, sulfonamides, analgesics, nitrofurans) and consumption of fava beans 
As an illustrative embodiment, the activity of drug metabohzmg enzymes ,s 
a major determinant of both the intensity and duration of drug actum The 
discovery of genetic polymorphisms of drug ^tebolizmg en^ (e.g. N. 
acetyltransferase 2 (NAT 2) and cytochrome P450 enzymes CYP2D6 arui 
CTOC19) has provided an explanation as to why some patients do not obtamthe 
expected drug effects or show exaggerated drug response and serious toxtcrty 
aftertakingthestandardand^fedoseofadrug. ^**™*T^ 
expressed in two phenotypes in the population, the extensive 
and poor metabolizer (PM). The prevalence of PM is drfferent amon dtfferent 
population, For example, the gene coding for CYP2D6 is lughly po ymorpmc 

offunctionalCYF2D6. Poor metabolizers of CYP2D6 and CYP2C 19 quite 
frequently experience exaggerated drug response and side effects when they 
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.recfeivc^d^'dcSses.cifa metabolite is the active therapeutic moiety; a PM will 
show no therapeutic response, as demonstrated for the analgesic effect olFcodeine 
mediated by its GYP2D6-fonned metabolite morphine. The other extreme are 
* the ^ not respond to standard dos^; f 

5 Kecendyj the molecular basis of ultra-rapid metabolism has been identified to be 
due to CYP2D6 gene ainplification. v- 
^ iTh^the activity of a polypeptide of the invention, expression of a nucleic 
acid encoding the polypeptide, or mutation content of a gene encoding the ; 
polypeptide in ah individual can be determined to thereby select appropriate 
10 >agent(s)forto^ 

pharmacogenetic studio can be usfed to apply genotyping ofpol^orphic alleles 
encoding dnig^^ to 'the identification of an individiiaJ*s drag 

responsiveness phenotype. This knowledge, when applied to dosing or ditig 
selection; can avoid adverse reactions or therapeutic failure and feus enhance 
15 therapeutic or prophylactic efficiency when treating a subject with a modulate* of 
activity or expression of the polypeptide, such as a modulator identified by one of 
the^xemplary screening assays described herein. ' ^ ; 

4; Monitoring 6f Effecte During Clinical Trials 
20 ; ; Monitoring the l^uehce 6$ agents (e.g. f drugs, compounds) on the 
expression of activity of a polypeptide of the invention (e.g., the ability to 
modulate aberrant cell proliferation chemotaxis, and/or differentiatidn) can be 
applied not only in basic drug screening but also in clinical trials. For example, 
the effectiveness of an agendas determined by a screening assay as described 
25 herein; to increase gene expression, protein levels or protein activity, can fie 
monitored in clinical trials of subjects exhibiting decreased gene expression^ 
- VHtato levels, or protein activity. Alternatively,- the effectiveness of an agent, as 
determined by a screening assay, to decrease gene expression, protein levels or 
protein activity, can be monitored in climcal trials of subjects exhibiting 
30 increasca gene egression, protein levels, or protein activity. In such clinical 

trials* expression or activity of a polypeptide of the invention and preferab ly, that 
of other polypeptide that have been implicated in for example, a cellular 
proliferation disorder, can be used as a marker of the immune responsiveness of a 
particular cell. 
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For example, and not by way of limitation, genes, including those of the 
invention, that are modulated in cells by treatment with an agent (e.g., compound, 
drug or small molecule) which modulates activity or expression of a polypeptide 
of the invention (e.g. as identified in a screening assay described herein) can be 
5 identified. Thus, to study the effect of agents on cellular proliferation disorders, 
for example, in a clinical trial, cells can be isolated and RNA prepared and 
analyzed for the levels of expression of a gene of the invention and other genes 
implicated in the disorder. The levels of gene expression (i.e. a gene expression 
pattern) can be quantified by Northern blot analysis or RT-PCR, as described 

the methods as described herein, or by measuring the levels of activity of a gene 
of the invention or other genes.. In this way, the gene expression pattern can 
serve as a marker, indicative of the physiological response of the cells to the 
agent Accordingly, this response state may be determined before, and at various 
15 points during, treatment ofthe individual with the agent, 

Ina preferred embodiment, the present invention provides a methodfor 
monitoring the effectiveness of treatment of a subject whh an agent (e.g., an 
agonist, antagonist, peptidomimetic, protein, peptide, nucleic acid, small 
molecule, or other drag candidate identified by the screening assays described 
herein) comprising the steps of (i) obtaining a pre-administration sample from a 
subjectpriortoadmmistrationofte^^ ■ 
polypeptide or nucleic acid ofthe invention in the preadmmistration sample; (ni) 
obtaining one or more post-administration samples from the subject; (iv) 
detecting the level the ofthe polypeptide or nucleic acid ofthe invention in the 
25 post-administration samples; (v) comparing the level ofthe polypeptide or 

nucleic acid ofthe invention in the pre-administration sample with the level of 
the polypeptide or nucleic acid ofthe invention in the post-administration sample 
or samples; and (vi) altering me admm^^ . 
accordingly. For example, increased administration ofthe agent may be desirable 
30 tomcreasemeexpressionora^ 

detected, i.e., to increase the effectiveness ofthe agent. Alternatively, decreased 
administration ofthe agent may be desirable to decrease expression or activity of 
the polypeptide to lower levels than detected, i.e., to decrease the effectiveness of 
the agent 
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G; Methods of Treatment 

TKe present invCTtibn provides for both prophylactic and therapeutic 
methods of treating a subject at risk of (or susceptible to) a disorder or having a 
disorder associated with afcrran^^ 
5 inveritibhj For e^pIeV disorderis characterized by abberant expression or 

'] a^vii^bf the ply^ ^ 
as psonasis arid cancer; In addition, the polypeptides of the invention can be 
used to promote hair growth, promote wound healing, as well as other uses 
described herein; ;: 

10 ^ v^:, •. ... .. ■ .: ■• :iv > • - • . 

1. PrdbhvlacticNfethb<fe : 

^ In orie aspect, the invention provides a m for preventing in a subject, a 
disease or condition associated with m aberra^ expression or activity of a 
polypeptide 6f the invention, by admirikering to the subject an agent which 

15 rmkliilates expreKioh or ai least one acuity of the polypeptide. Subjects at risk 
fof^i^^^^U'iA^oi cohtrifeiaed to V aberrante^ression or activity 
of a polypeptide of the invention can be identified by, for example, any or a 
combination of dia^bstic or pro^ 

Administration of a prbpfiylactic igeiit dan occur prior to the manifestetion of 
20 s^jptoms characteristic of the a&rrai^ a disease or disorder is 

prevented or^alternatiw^ Depending on the type of 

aberrancy; for example; ah ^ohi^or Mtagonist agent can be used for treating the 
subject Fbr example, an antagonist of m EtVis prdtein may be used to treat a 
proliferative disorder, e.g., psoriasis, associated with abberant ELVIS expression 
25 or activity. The appropriate agent can be determined based on screening assays 
described herein: ' v: 

2. Therapeutic Methods 

Another aspect of the irivehtion ^ pertains to methods of modulating 

30 expression or activity of a polypeptide of the invention for therapeutic purposes. 
The modulatory method of the invention involves contacting a cell with an agent 
that modulates one or more of the activities of the polypeptide. An agent that 
modulates activity can be an agent as described herein, such as a nucleic acid or a 
protein, a naturally-occurring cognate ligand of the polypeptide, a peptide, a 

35 peptidomimetic, or other small molecule. In one embodiment, the agent 
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stimulates one or more of the biological activities of the polypeptide. Examples 
of such stimulatory agents include the active polypeptide of the invention and a 
nucleic acid molecule encoding the polypeptide of the invention that has been 
introduced into the cell. In another embodiment, the agent inhibits one or more 
5 of the biological activities of the polypeptide of the invention. Examples of such 
inhibitory agents include antisense nucleic acid molecules and antibodies. These 
modulatory methods can be performed in vtov (e,&, by culturuig the cell with the 
agent) or, alternatively, in vivo (e.g, by administering the agent to a subject). As 
such, the present invention provides methods of treating an individual afflicted 
10 with a disease or disorder characterized by aberrant expression or activity of a 
polypeptide of the invention. In one embodiment, the method involves , 
administering an agent (e.g., an agent identified by a screening assay described 
herein), or combination of agents that modulates (e.g., upregulates or 
downregulates) expression or activity. In another embodiment, the method. 
15 involves administering a polypeptide of the invention or a nucleic acid molecule 
of the invention as therapy to compensate for reduced or aberrant expression or 
activity of the polypeptide. 

Stimulation of activity is desirable in situations in which activity or 
expression is abnormally low or downregulated and/or in which increased 
20 activity is likely to have a beneficial effect, e.g. in wound healing. Conversely, 
inlubition of activity is desirable In situations in which activity or expression is 
abnormally high or upregulated and/or in which decreased activity is likely to 
have a beneficial effect, e.g., in treatment of a proliferative disorder such as 
psoriasis. 

25 Modulators of me expression or activity of a protein of the invention may 

also be sued in treatment of contact dermatitis, in treatment of bums, in 
modulation of epithelial cell growth and in treatment of hair loss or unwanted 
hair growth. 

This invention is further illustrated by the following examples which should 
30 not be construed as limiting. The contents of all references, patents and 
published patent applications cited throughout this application are hereby 
incorporated by reference. 
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Equivalents 

Those Skilled in ttie art will recognize, or be able ; to : ascertain using no more 
than routine experimdi^bn, many equivalents to the specific embodiments of 
5 dficfcl*d-hidfein; - Siidi equivakmits are intended to be enconijjassed 
5 ^th^feiibwihgtte^^ 

What is claimed is: ' 
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1. An isolated nucleic acid molecule selected from the group consisting of: 

a) a nucleic acid molecule comprising a nucleotide sequence which is at least 
55% identical to the nucleotide sequence of SEQ ID NQ;1, 3, 4, 6, 7, 9, or the cDNA 

5 insert of the plasmid deposited with the ATCC as Accession Number 98981, 98982, 
or 98983, or a complement thereof; 

b) a nucleic acid molecule comprising a fragment of at least 300 nucleotides of 
the nucleotide sequence of SEQ ID NO:l, 3, 4, 6, 7, 9, or the cDNA insert of the 
plasmid deposited with the ATCC as Accession Number 9898 1, 98982, or 98983, or 

10 a complement thereof; 

c) a nucleic acid molecule which encodes a polypeptide comprising ihe amino 
acid sequence of SEQ ID N02, 5, 8, or amino acid sequence encoded by the cDNA 
insert of the plasmid deposited with the ATCC as Accession Number 98981, 98982, 
or 98983; 

15 d) a nucleic acid molecule which encodes a fragment of a polypeptide 
comprising the amino acid sequence of SEQ ID NO:2, 5, 8, or the polypeptide 
encoded by the cDNA insert of the plasmid deposited with the ATCC as Accession 
Number 98981, 98982, or 98983, wherein the fragment comprises at least 15 
contiguous amino acids of SEQ ID N02, 5, 8, or thepotypeptide encoded by the 

20 cDNA insert of the plasmid deposited with the ATCC as Accession Number 98981, 
98982, or 98983; and 

e) a nucleic acid molecule which encodes a naturally occurring allelic variant 
of a polypeptide comprising the amino acid sequence of SEQ ID NO:2, 5, 8, or the 
amino acid sequence encoded by the cDNA insert of the plasmid deposited with the 

25 ATCC as Accession Number 98981, 98982, or 98983 wherein the nucleic acid 

molecule hybridizes to a nucleic acid molecule comprising SEQ ID NO:3, 6, 9, or a 
complement thereof under stringent conditions. 

2. The isolated nucleic acid molecule of claim 1, which is selected from the 

30 group consisting of: 

a) anucleicacidcomprisingthenucleotidesequenceofSEQIDNO:l,3,4,6, 

7, 9, or the cDNA insert of the plasmid deposited with the ATCC as Accession 
Number 9898 1 , 98982, or 98983, or a complement thereof; and 

b) a nucleic acid molecule which encodes a polypeptide comprising the amino 
35 acid sequence of SEQ ID NO:2, 5, 8, or the amino acid sequence encoded by the 
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cDNA insert of the plasmid deposited with the ATCC as Accession Number 98981, 
98982, or 98983. < 

V 3. The nucleic acid iholecuie of claim 1 further comprising' vector nucleic acid 
5 sequences. 

4. The nucleic acid molecule of claihi i fiifeCT comprising 
sequences encoding a heterologous pbiypieptide] 

10 »?5. A host cell whidh contains the nucleic acid molecule of claim 1. 

■6^ ini^ho^wii^ • 

7. A non-human riianimaliaai host ceil containing the nucleic acid molecule of 
15 claim 1. " ' -•t. v ; a ~. v :. u ^ ■■ 

' r - - % - iv.; • « ; .. . -J ■ ; r •> 

8; Ah i&teted pbl^eptide'sel&t^ f^ " : 

a) afragmerit ^ acid sequence of SEQ ID 
NO:2, 5, or 8, wherein the fegment comprises at least 15 contiguous amino acids of 

20 SEQ ID NOi, 5, or 8; J " " V- - - - 

b) a naturally occurring allelic variant of a polypeptide ^ comprising the Wiho 
acid sequence of SEQ ID NO:2, 5, 8, or the amino acid l^uehce^cbi^ by the 
cDNA insert of the plasmid deposited with the ATCC as Accession Number 98981, 
98982, or 98983V wherein the polypeptide isencoded by a nucleic acid molecule 

25 which hybridizes to a nucleic acid molecule comprising SEQ ID NO:l, 4, 7, or a 
complement thereof under stringent conditions; and 

c) a polypeptide which is encoded by a nucleic acid molecule comprising a 
nucleotide sequence which is'at least 55% identical to a nucleic acid comprising the 
nucleotide sequence of SEQ ID NO:l, 4, 7, or a complement thereof. 

30 - 

9. The isolated polypeptide of claim 8 comprising the amino acid sequence of 
SEQ ID N02, 5, or 8. 

10. The polypeptide of claim 8 further comprising heterologous amino acid 
35 sequences. 
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1 1 . An antibody which selectively binds to a polypeptide of claim 8. 

12. A method for producing a polypeptide selected from the group consisting 

5 of: 

a) a polypeptide comprising the amino acid sequence of SEQ ID NO:2, 5, 8, or 
the amino acid sequence encoded by the cDNA insert of the plasmid deposited with 
the ATCC as Accession Number 98981, 98982, or 98983; 

b) a polypeptide comprising a fragment of the amino acid sequence of SEQ ID 
10 NO:2, 5, 8, or the amino acid sequenceencodedby the cDNA insert of the plasmid 

deposited with the ATCC as Accession Number 98981, 98982, or 98983, wherein 
the fragment comprises at least 15 contiguous amino acids of SEQ ID NO:2, 5, 8, or 
the amino acid sequence encoded by the cDNA insert of the plasmid deposited with 
the ATCC as Accession Number 98981, 98982, or 98983; and 

15 c) a naturally occurring allelic variant of a polypeptide comprising the amino 
acid sequence of SEQ ID NO:2, 5, 8, or the amino acid sequence encoded by the 
cDNA insert of the plasmid deposited with the ATCC as Accession Number 98981, 
98982, or 98983, wherein the polypeptide is encoded by. a nucleic acid molecule 
which hybridizes to a nucleic acid molecule comprising SEQ ID NO:l, 4, or 7, or a 

20 complement thereof under stringent conditions; 

comprising culturing the host cell of claim 5 under conditions in which the 
nucleic, acid molecule is expressed. 

13. A method for detecting the presence of a polypeptide of claim 8 in a sample, 

25 comprising: 

a) contacting the sample with a compound which selectively binds to a 

polypeptide of claim 8; and 

b) determining whether the compound binds to the polypeptide in the sample. 

30 14. The method of claim 13, wherein the compound which binds to the 

polypeptide is an antibody. 

1 5. A kit comprising a compound which selectively binds to a polypeptide of 
claim 8 and instructions for use. 

35 
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16. A method for detecting the presence of a nucleic acid module of claim 1 in 
a sample, comprising the' stepsof: 1 ■ ^ v* * :.v\ 

a) contacting the sample with a nucleic acid probe or primer which selectively 
hybridizes to the nucleic acid molecule; and 

b) determining whether the nucleic acid probe or primer binds to a nucleic acid 
molecule in the sample. 

17. The method of claim 16, wherein the sample comprises mRNA molecules 
and is contacted with a nucleic acid probe. 

18. A kit comprising a compound which selectively hybridizes to a nucleic acid 
molecule of claim 1 and instructions for use. 

19. A method for identifying a compound which binds to a polypeptide of claim 
15 8 comprising the steps of: 

a) contacting a polypeptide, or a cell expressing a polypeptide of claim 
a test compound; and 

b) determining whether the polypeptide binds to the test compound. 

20 20. The method of claim 19, wherein the binding of the test compound to the 

polypeptide is detected by a method selected from the group consisting of: 
a) detection of binding by direct detecting of test compound/polypeptide 



b) detection of binding using a competition binding assay; 
25 c) detection of binding using an assay for ELVIS-mediated signal transduction. 

21. A method for modulating the activity of a polypeptide of claim 8 comprising 
contacting a polypeptide or a cell expressing a polypeptide of claim 8 with a 
compound which binds to the polypeptide in a sufficient concentration to modulate 

30 the activity of the polypeptide. 

22. A method for identifying a compound which modulates the activity of a 
polypeptide of claim 8, comprising: 

a) contacting a polypeptide of claim 8 with a test compound; and 
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b) determining the effect of the test compound on the activity of the 
polypeptide to thereby identify a compound which modulates the activity of the 
polypeptide. 
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Nucleotide and Aminn \cM SpgtiPnr^ of FLVIS-1 . 



I GTCGACCCACGCGTCCGAGAAAGTTAAGCAACTACAGGAAATGGC^ 

. . ■. 4 : M: A L G v . p; i 

61 ATCAGTCTATCTTTTATTCAACGCAATGACAGCACTGACCGAAGAGGGAGGCG7GACTGT 
3 S V Y L L F N A M T A L T E E A A V TV 

121 AACACCTCCAATCACAGCCCAGGAAGGTAACTGGACAGTTAACAAAACAGAAGCT 

2Sj ; T. . .R P I T A Q Q G M W VT . V N ,'FC :. T E a : D N 

J 31' CATAGAAGGACGGATAGCCITGAAGTTCTCACACCTTTGGCTG 

48 I-EGPIALKF-SHLCL E D H N S Y 

241 CTGGATCAACCKjTGCTTGTGCATTCCACCATGAGCTAGAGAAAGCCATCTGCAGGTGTTT 

: 68 ; r C . I> , t N : G n A • C • A F H H E - L E: K A I. Z G'O -R c F 

301 TACTGGTTATACTGGAGAAAGGTGTGAGCACITGACTTTAACITCATATGCTGTGGATTC 
38 TGYTGE R CE H LTL TS YAVD S 

361 TTATGAAAAATACATTGC AATTG GG ATTGGTGTTGGATTACTATTAAGTGG 1 i 1 1 CTT GT 
108 Y E K Y I A I G I G V G L L LSG F L V 

42 1 TAini 1 1 ACTGCTATATAAG AAAG AGGTGTCTAAAATTG AAATCGCCTTACAATGTCTG 
128 I F Y C Y I R K R C L K L K S P Y M V C 

481 TTCTGGAGAAAGACGACCACTGTGAGGCCITrGTGAAGAATTTTCATCAAG 
148 S G E R R p L • 

541 GAGATCAGTGAGCCCAAAATTAAAGTTTTCAGATGAAACAACAA 

601 TAGACTCGAAAATAATGAAAGTTGGGATCACAATGAAATGAGAAGATAAAATTCAGCOT 
66 1 GGCCTITAGACITrGCCATCCTTAAGGAGTGAT^ 

721 CACAAGTCAAATTCATAGTTTCACrCTGGG l 1111 1 GTTGTTGTGTGGTTATTATTCTCA 
781 CTACAGAAAGACTGACTITTCATGCrCCrGGCTATGTCAGATGTGAATm 
84 1 ATAATCAACCTTGCAGCAAGCCAAAGCAATGCCTCGCTTGGGTTCTTCATGTTCTTACTA 
901 CCCAGCGTTTTTTACCACCTAGATGGGCCTCTCTAAGTCT 

961 CCCAAACTTG I TGTL 1 1 CATGGTGTCTGAAAGAATGTGATGTCAGCTTTTAGAATGAAAT 
1021 CAGTGTTAAGGTACCTCCAGTGAACCAAACATGTGTCTTAAATCTAAGCCACTGAAAACA 
108 1 GAAGGGAATGTCCAAGGCAAATACAAATCATACACAGCTTGTAACAACATACAGCCTrrC 
1 141 TATGTGAAATAATGGAATAAACTAAAGAGTTTCTGAAGACTGAAGCTATCTGGATATCAA 
1 201 GTCTGGAGTAGGCAAAGCATTTCCATTTCTACATGGATTATAAAACTTTGTGTTGGACT 
1261 ATTGGTCCCTAATGC 1 1 1 ' I G 1 ' 1 CATCACTTCTTCCAGTTATCAGTGGAATTACCTGGTG A 
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1321 CC^TTCAmCK3ACCGAAATCCTGGAAGTCTCCTACTGAATAAAACrrCTAC\ATrGGCCC 
1381 TAAAATAGAAACrGAAAAAC^GGA^TAGAATTTTrTCACCAGACC^CAGCATGTGGAAA 

1441 c1ti ct1 1 atcatttitgaacacttgttaacagatttgcacatagagggagagaaaaaaa 
1 501 atggagtaacagtcaaaataataataatcagtatccaggccaggcgtggtggttcacgcc 
1 56 1 tgtaatcctagcactttgggaggccgaggcggatggagcacctgaggtcaggagtttgag 
1621 accagcctggccaacatggtgaaaccctgtctctactaaaaatacaaaaatragctgggc 

1681 GTGGTGGTGCATGCCTGTAATCCCAGCTACTCGAGAGGGTGAGACVGGACAATCACTTGA 
1741 ACCCAGGAGGCAGAGGTrGTAGTGAGCCGAGATGGCAACCCTGCACTCCAACCTGGGTGA 
1801 CAAGAGGGAAACTCCATCTCAAAAAAAAAAAAAAAAAAAAAAAAAAAAGGGCGGCGGC 
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rc 1F f f otirl«> a f irf Amino Aciri Semtf-nres of ELVIS-2 



1 AGCAACn-ACAGGAAATGGCmGGGAGTTCCAATATCAGTCTAT^ATO^CGC^ 
1 MAL G VP I S VY LL FN A. M 

61 TGACAGCACTGACCGAAGAGGCAGCCGTGACTGTAACACCTCCVATCACAGCCCAGCAAG 
17 TALTEEAAVTVTPPITAQQA 

121 CTGACAACATAGAAGGACCCATAGCCTTGAAGTTCTCACACCTTTGCCTGGAAGATCATA 
37 DNIEGPIALKFSHLCLEDHN 

131 ACAGTTACTGCATCAACGGTGCTTGTGCATTCCACCATGAGCTAGAGAAAGCCATCTGCA 
57 SYC INGACAFHHE LEK.AICR. 

241 GGTGTITTACTGGTrATACTGGAGAAAGGTGTCTAAAATrGAAATCGCCTTAC^ 

77 eFTGYTGERCLKLK.SPY.NVC 

301 GTTCTGGAGAAAGACGACCACTGTGAGGCCTTTGTGAAGAATTTTCATCAAGGCATCTGT 
97 SGERRPL* 

361 AGAGATCAGTGAGCCCAAAATTAAACrrTTTCAGATGAAACAACAA^ 
421 CTAGACTCGAAAATAATGAAAGTTGGGATCACAATGAAATGAGAAGA 
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v Ki f T riH» an rf Mninn ^cid Ssaasnsss of FT.viS-3 

l AACTACAGGAAATGGCTn"GGG^ 
l AC^^^ 

», gIJgc^ 

301 tttgtgaagaattttcatcaaggcatcttgtagag 

361 TTCAGATGAAACAACAAAACTTGTCAAGCTGACTAGACTCGAAAATATC 
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241 320 

. jthJU037*06 GCTOCTTCTOCAT^ 
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ATACTGCAGAAAGCTGT-- 



ELVIS- X 

jthkf 037*06 
jthk£064b08 
ELtfTS-1 

jthkf 037*06 
jthk£064b08 
ELVIS- X 

jthk*037o06 
3t:tk£064b08 
ELVJS-1 

jthkt 037*06 
jehk£054bO8 
ELVIS- I 

)thkf037*06 
JU**064b08 
ELVIS-1 



OgtCCTlVKA^TTCCACCATCAraACAiaAAO^ 



321 



400 
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acggggtccg agaaagttaa gcaactacag gaa atg get ttg gga gtt cca ata 
3 9999 9 a ■ Met Ala Leu Gly Val Pro He 



1 S 



tea gtc tat ctt tta ttc aac gca atg aca gca ctg ace gaa gag gca 
Ser Val Tyr Leu Leu Phe Asn Ala Met Thr Ala Leu Tbr Glu Glu Ala 
10 15 20 

qcc gtg act gta aca cct cca ate aca gec cag caa get gac aac ata 
Ala Val Thr Val Thr Pro Pro He Thr Ala Gin Gin Ala Asp Asn He 
25 30 35 

gaa gga dec ata gee ttg aag ttc tea cac ctt tgc ctg gaa gat cat 
Glu Gly Pro lie Ala Leu Lys Phe Ser His Leu Cys Leu Glu Asp His 
40 • 45 50 55 

aac agt tac tgc ate aac ggt get tgt gca ttc cac cat gag eta gag 
Asn Ser Tyr Cys lie Asn Gly Ala Cys Ala Phe His His Glu Leu Glu 
60 « 70 

aaa gec ate tgc agg tgt eta aaa ttg aaa teg cct tac aat gtc tgt 
Lys Ala lie Cys Arg Cys Leu Lys Leu Lys Ser Pro Tyr Asn Val Cys 
75 SO 85 

tct gga gaa aga cga cca ctg tgaggccttt gtgaagaatt ttcatcaagg 
Ser Gly Glu Arg Arg Pro Leu 
90 

catctgtaga gatcaagtga geccaaaatt aaagttttca gatgaaacaa "aaacttgt 
caagctgact agactcgaaa atatggaaag ttggggatca caatgaaatg a9 aa 9ataaa 
ateageggtg gcccttagac tttgccatcc ttaaggagtg atggaagcca agtgaacaag 
cctcagtgac acaagtcaaa ttcataggtt caetctggg 
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